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SEMICONDUCTOR MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 12/960,117, filed Dec. 3, 2010, now allowed, which
claims the benefit of a foreign priority application filed in
Japan as Serial No. 2009-276751 on Dec. 4, 2009, both of
which are incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor memory
circuit.

2. Description of the Related Art

A technique of forming a thin film transistor (TFT) by
using a semiconductor thin film formed over a substrate with
an insulating surface has attracted attention. Thin film tran-
sistors have been used in display devices typified by liquid
crystal televisions. Silicon-based semiconductor materials
such as amorphous silicon and low temperature crystallized
silicon are known as materials for semiconductor thin films
that can be applied to thin film transistors, and as another
material, an oxide semiconductor has also attracted attention.

As a material for the oxide semiconductor, zinc oxide or a
material containing zinc oxide as a component are known.
Also, a thin film transistor made of an amorphous oxide (an
oxide semiconductor) with an electron carrier concentration
oflower than 10*%/cm? is disclosed (see Patent Document 1 to
Patent Document 3).

Meanwhile, memory devices utilizing thin film transistors
have been applied to semiconductor devices with various
names such as RFIDs (radio frequency identification), 1D
tags, IC tags, wireless tags, electronic tags, and wireless
chips. Using this semiconductor device, an individual object
or product is given an individual identification number (that
is, identification: ID), with which the object is identified,
cross-checked with history or the like by wireless communi-
cation with a wireless readout device in each step or the like,
and this identification can be utilized in various fields such as
production management, inventory management, and mer-
chandise management. Many of these semiconductor devices
each include a circuit using a semiconductor substrate of
silicon or the like (referred to as IC (integrated circuit) chip)
and an antenna, and the IC chip includes a memory device, a
wireless circuit, a control circuit, and the like. Regarding the
memory device, the identification number needs to be written
in every IC that is to be produced only once during manufac-
turing, and after that, there is a method ofholding information
of'every step that corresponds to the identification number on
amanagement system side, and a method of writing or rewrit-
ing information of every step on an IC chip side, in addition to
during manufacturing of the IC chip. For the method of writ-
ing only once, there is an example of using an organic
memory and an example of using a mask ROM (Read Only
Memory) during an exposure step during a semiconductor
process. Also, there is an example of utilizing a memory
element that utilizes a characteristic that is obtained when a
thin film transistor including an oxide semiconductor is irra-
diated with ultraviolet light.
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SUMMARY OF THE INVENTION

However, even when the mask ROM method is used to
form a memory device, manufacturing steps are relatively
complex, and in many cases, the cost is high. In the case of
mask ROM, a connecting portion and a cutting portion are
formed in a circuit pattern connected to a transistor and a
capacitor used for a memory device according to an identifi-
cation number. For this, a special photomask or an exposure
apparatus has to be used during a manufacturing step of an IC
chip. For example, to print a different identification number
for each IC chip circuit formed over a substrate, an electron
beam exposure apparatus is used and data of each chip has to
be sent from a host computer, and based on this, a scan pattern
of'the electron beam has to be changed. That is, it is necessary
to perform a step for manufacturing a photomask, which is a
step that requires an expensive apparatus and a step with poor
throughput that requires extremely long processing time.
Other than this, as a method that does not use an electron
beam exposure apparatus, there is a method of forming a
pattern for every identification number over a photomask in
advance. The substrate is exposed to light through a slit
formed in only a portion of a desired identification number on
the photomask. The IC chip pattern is formed over the sub-
strate. In the next IC chip pattern, a mask is moved to a
photomask portion of the next identification number corre-
sponding to the next IC chip pattern, and light exposure is
performed. In other words, the mask has to be moved and light
exposure has to be repeated as many times as the number of IC
chip patterns. There is also a method using a laser, but this also
required complex steps and an expensive apparatus.

On the other hand, an organic memory is formed by inter-
posing an organic thin film between an upper electrode and a
lower electrode. After a manufacturing process of an IC chip,
an electrical field is applied to a circuit pattern of the organic
memory to cause an electrical short-circuit in the organic thin
film, so as to form a connection between the electrodes. An
identification number is formed from a pattern of an insulat-
ing portion and a conductive portion. A special probe in
contact with the electrode is necessary to form the identifica-
tion number.

Also, in both methods of the mask ROM method and the
organic memory, not only is there a problem during manu-
facturing of the identification number for every IC chip, after
it is used as a product for production management, inventory
management, merchandise management, and the like, it is
difficult to erase information left on the IC chips. When
formed as a mask ROM, information is formed already as a
circuit pattern in a photolithography step, and there is no way
of erasing the information. With organic memory also, an
apparatus such as a special probe or the like is necessary for
writing information, and a user cannot easily erase the infor-
mation.

On the other hand, in the case of using a thin film transistor
including an oxide semiconductor, a fact that a characteristic
of the thin film transistor easily moving to a negative side by
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irradiation with ultraviolet light is utilized in a memory
device. However, an electrical characteristic of the thin film
transistor before irradiation easily becomes a so-called nor-
mally-on characteristic, where a current easily occurs
between a source and a drain with a gate voltage of O volts.
With such a characteristic, even if a further negative shift of'a
threshold occurs with ultraviolet light irradiation, it is diffi-
cult to be used as a memory device.

In view of such problems, in one embodiment of the
present invention, a semiconductor memory device can be
manufactured inexpensively with a shorter process. An object
is to provide a thin film transistor with which memory that is
left in a semiconductor memory device can be easily erased
after use.

One aspect of the invention is a semiconductor memory
device comprising:

a thin film transistor;

a word line extending in a first direction; and

a bit line extending in a second direction,

wherein the thin film transistor includes a first gate elec-
trode layer, a first insulating layer, a channel layer, a source
electrode layer, and a drain electrode layer, wherein the chan-
nel layer is made of an oxide semiconductor;

a second insulating layer is provided to be in contact with
the channel layer;

a second gate electrode layer is provided to be in contact
with the second insulating layer;

the word line is connected to the first gate electrode layer;

the bit line is connected to the source electrode layer;

the thin film transistor has a first resistance value between
the source electrode layer and the drain electrode layer when
a readout voltage is applied to the word line;

the thin film transistor in which writing is performed with
ultraviolet light has a second resistance value between the
source electrode layer and the drain electrode layer; and

the first resistance value is larger than the second resistance
value.

In the semiconductor memory device according to the
above invention, the word line is connected to a row decoder,
and the bit line is connected to a column decoder and a
readout circuit.

In the semiconductor memory device according to the
above invention, the readout circuit comprises a power source
and a second thin film transistor, wherein:

a first source electrode layer of the second thin film tran-
sistor is connected to the power source;

a second drain electrode layer of the second thin film tran-
sistor is connected to the source electrode layer; and

the readout circuit has a method for measuring electrical
potential between the second drain electrode layer and the
source electrode layer.

The semiconductor memory device according to the above
invention comprises:

a first threshold of an 1d-Vg characteristic of the thin film
transistor; and

a second threshold of an Id-Vg characteristic of the thin
film transistor that is subjected to ultraviolet light writing,

wherein the readout voltage is higher than the second
threshold, and lower than the first threshold.

Another aspect of the invention is a semiconductor
memory device comprising:

a first thin film transistor;

a second thin film transistor;

a bit line extending in a first direction; and

a word line extending in a second direction,
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wherein the second thin film transistor includes a second
channel layer made of an oxide semiconductor layer, a second
gate electrode layer, a second source electrode layer, and a
second drain electrode layer;

the first thin film transistor includes a first channel layer, a
first insulating layer, a first gate electrode layer, a first source
electrode layer, and a first drain electrode layer;

the first gate electrode layer and the second gate electrode
layer are connected to the word line;

the first source electrode layer is connected to the bit line
and the first drain electrode layer is connected to the second
source electrode layer;

the second thin film transistor has a first resistance value
between the second source electrode layer and the second
drain electrode layer when a readout voltage is applied to the
word line;

the second thin film transistor that is subjected to ultravio-
let light writing has a second resistance value between the
second source electrode layer and the second drain electrode
layer; and

the first resistance value is larger than the second resistance
value current

In the semiconductor memory device according to the
above invention, the word line is connected to a row decoder,
and the bit line is connected to a column decoder and a
readout circuit.

In the semiconductor memory device according to the
above invention, the readout circuit comprises a power source
and a third thin film transistor, wherein:

athird source electrode layer of the third thin film transistor
is connected to the power source;

a third drain electrode layer is connected to the first source
electrode layer; and

the readout circuit has a method for measuring electrical
potential between the third drain electrode layer and the first
source electrode layer.

The semiconductor memory device according to the above
invention comprises:

a first threshold of an 1d-Vg characteristic of the second
thin film transistor;

a second threshold of an Id-Vg characteristic of the second
thin film transistor that is subjected to ultraviolet light writ-
ing; and

athird threshold according to an Id-Vg characteristic of the
first thin film transistor,

wherein the readout voltage is higher than the third thresh-
old and the second threshold, and lower than the first thresh-
old.

By the present invention, effects such as the following can
be expected. Firstly, writing can be done faster than MROM
in which a contact is formed by a photolithography step, and
area reduction can be expected. Writing is possible in a simple
step, because data can be written by irradiating with ultravio-
let light a desired portion of a substrate including an oxide
semiconductor in an active layer, using simple equipment.
Secondly, although a photoresist step utilizing a photomask is
performed for writing when manufacturing MROM, manu-
facturing according to the present invention utilizing ultra-
violet light is inexpensive. Thirdly, additional data wiring is
possible during use. Fourthly, because one-time erasure of
data is ultimately possible, when an IC chip using the present
invention is destroyed, there is no case of it being disposed of
while written data is still held therein. Therefore, it is more
secure compared to MROM. Fifthly, since a writing circuit is
not necessary, it is possible to manufacture a product with a
small area.



US 9,153,338 B2

5

In the present invention, by also providing an electrode to
be in contact with an active layer in a thin film transistor
including an oxide semiconductor in the active layer, a char-
acteristic of a stable threshold has become obtainable. Fur-
thermore, by connecting a source portion of the thin film
transistor with an oxide semiconductor layer and a drain
portion of the thin film transistor which has the opposite
polarity, a device can be made that can sufficiently compen-
sate for a weakness that the threshold of the thin film transis-
tor with an oxide semiconductor layer is unstable, and a
semiconductor memory device that requires security in reli-
ability is obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A to 1E illustrate a thin film transistor which is one
embodiment of the present invention and a manufacturing
method thereof;

FIG. 2 illustrates a memory cell array which is one embodi-
ment of the present invention;

FIG. 3 illustrates a method of writing data into a memory
cell array which is one embodiment of the present invention;

FIGS. 4A and 4B each illustrate an electrical characteristic
of a thin film transistor which is one embodiment of the
present invention;

FIG. 5 illustrates data of a memory cell array which is one
embodiment of the present invention;

FIG. 6 illustrates data readout from a memory cell array
provided with a peripheral circuit which is one embodiment
of the present invention;

FIG. 7 illustrates a method of erasing data from a memory
cell array which is one embodiment of the present invention;

FIG. 8 illustrates erased data of a memory cell array which
is one embodiment of the present invention;

FIG. 9 illustrates a thin film transistor which is one embodi-
ment of the present invention and a manufacturing method
thereof;

FIG. 10 illustrates a memory cell array which is one
embodiment of the present invention;

FIG. 11 illustrates a method of writing data into a memory
cell array of the present invention;

FIGS. 12A to 12C illustrate electrical characteristics of a
thin film transistor which is one embodiment of the present
invention;

FIG. 13 illustrates data readout from a memory cell array
provided with a peripheral circuit which is one embodiment
of the present invention;

FIG. 14 shows operation of a memory cell array which is
one embodiment of the present invention;

FIG. 15 illustrates a memory module to which a memory
cell array is applied;

FIG. 16 illustrates an RFID tag;

FIG. 17 illustrates an RFID tag;

FIGS. 18A to 18F illustrate usage examples of an RFID
tag; and

FIGS. 19A and 19B illustrate change in threshold.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the present invention are
described with reference to the drawings. However, the
present invention is not limited to the following description.
The present invention can be implemented in various differ-
ent ways and it will be readily appreciated by those skilled in
the art that various changes and modifications are possible
without departing from the spirit and the scope of the present
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6

invention. Therefore, unless such changes and modifications
depart from the scope of the invention, they should be con-
strued as being included therein. Note that reference numerals
denoting the same portions are commonly used in different
drawings.

Note that the size, the thickness of a layer, and a region of
each structure illustrated in the drawings and the like in the
embodiments are exaggerated for simplicity in some cases.
Therefore, embodiments of the present invention are not lim-
ited to such scales.

Note that terms with ordinal numbers such as “first”, “sec-
ond”, and “third” in this specification are used in order to
identify components, and the terms do not limit the compo-
nents numerically.

(Embodiment 1)

In this embodiment, a semiconductor memory device
which is an embodiment of the present invention is described.

To describe using a thin film transistor is FIGS. 1A to 1E,
a gate electrode layer 11 is formed over a substrate with an
insulating surface, and then a gate insulating layer 12 is
formed thereover. Then, an oxide semiconductor layer 14 is
formed thereover, and a source electrode layer 154 and a drain
electrode layer 1556 are formed over a source portion and a
drain portion of the oxide semiconductor layer, respectively.
Next, after forming an oxide insulating layer 16, a back gate
electrode layer 19 is formed. That is, over a surface of the
semiconductor layer that is opposite the side on which the
gate insulating layer and the gate electrode layer are formed,
an oxide insulating layer and a back gate electrode layer are
formed. As opposed to the gate electrode layer applying an
electrical field to the semiconductor layer and controlling
switching of the semiconductor layer, the back gate electrode
layer is utilized for protecting a rear surface thereof along
with controlling unstable threshold. In a thin film transistor in
which an oxide semiconductor is used in an active layer,
moisture, a hydroxyl group, hydrogen, or the like works as an
impurity and this leads to shifting of the threshold. The back
gate electrode layer is provided to prevent the threshold from
shifting.

Here, the source electrode layer and the drain electrode
layer in the thin film transistor are both connected to the
semiconductor layer, and when voltage is applied to the gate
electrode layer, a current flows depending on a difference in
potential between the source electrode layer and the drain
electrode layer. Here, in the case of describing a structure of
the thin film transistor, names “source electrode layer” and
“drain electrode layer” are used. Within a context of driving
the thin film transistor, naming of the source electrode layer
and the drain electrode layer only expresses connection rela-
tionships with others, and does not specify direction of a
current. Although there are ways of using one or both names
of the source electrode layer and the drain electrode layer,
such ways of naming does not produce particular differences
in meaning.

Accordingly, regarding the thin film transistor provided
with the back gate electrode layer, although a diagram in the
case of a bottom-gate thin film transistor is shown in FIGS.
1A to 1E, the same technique can be applied to a top-gate thin
transistor without being limited thereto. In that case, the back
gate electrode layer, the oxide insulating layer, a channel
layer, the gate insulating layer, the gate electrode layer, the
source electrode layer and the drain electrode layer are
formed in this order from a substrate side. Here, the gate
electrode layer 11 may have a function of the back gate and
the back gate electrode layer 19 may apply an electrical field
to the oxide semiconductor layer 14 and control switching of
the semiconductor layer. Both the gate electrode layer 11 and
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the back gate electrode layer 19 may apply an electrical field
to the oxide semiconductor layer 14 and control switching of
the semiconductor layer.

The thin film transistor with an oxide semiconductor pro-
vided with a back gate electrode layer will be described using
FIGS. 1A to 1E following process steps. Although there is no
significant restriction on a substrate that can be used as a
substrate 10 with an insulating surface, it is necessary that the
substrate at least has heat resistance that can resist a heating
treatment that is performed later. A glass substrate of barium
borosilicate glass, aluminoborosilicate glass, or the like can
be used.

Also, in the case that a temperature of the heating treatment
performed later is high, it is preferable to use a glass substrate
that has a strain point at 630° C. or higher. Also, for the glass
substrate, a glass material such as aluminosilicate glass, alu-
minoborosilicate glass, or barium borosilicate glass is used,
for example. Note that, a more practical heat-resistant glass
can be obtained when a larger amount of barium oxide (BaO)
is contained compared to diboron trioxide (B,O;). Therefore,
it is preferable to use a glass substrate that contains more BaO
than B,0O;.

Note that, instead of the above glass substrate, a substrate
made of an insulator such as a ceramic substrate, a quartz
substrate, or a sapphire substrate may be used. Alternatively,
crystallized glass or the like can be used.

Although not shown in FIG. 1A, an insulating layer that is
abase layer may be provided between the substrate 10 and the
gate electrode layer 11. The base layer has a function of
preventing diffusion of an impurity element from the sub-
strate 10, and can be formed with a single-layer structure or a
laminated structure using any of a silicon nitride layer, a
silicon oxide, layer, a silicon nitride oxide layer, and a silicon
oxynitride layer.

Also, the gate electrode layer 11 can be formed as a single
layer or a laminated layer, using a metal material such as
molybdenum, titanium, chromium, tantalum, tungsten, alu-
minum, copper, neodymium, or scandium, or an alloy mate-
rial containing any of these materials as a main component.
As a two-layer laminated structure, the following is prefer-
able, for example: a two-layer laminated structure in which a
molybdenum layer is laminated over an aluminum layer; a
two-layer laminated structure in which a molybdenum layer
is laminated over a copper layer; a two-layer laminated struc-
ture in which a titanium nitride layer or a tantalum nitride
layer is laminated over a copper layer; a two-layer laminated
structure in which a molybdenum layer is laminated over a
titanium nitride layer; or a two-layer laminated structure in
which a tungsten layer is laminated over a tungsten nitride
layer. As a three-layer laminated structure, a laminated layer
of the following is preferable: a tungsten layer or a tungsten
nitride layer; an alloy layer of aluminum and nitride or an
alloy layer of aluminum and titanium; and a titanium nitride
layer or a titanium layer.

Next, the gate insulating layer 12 is formed over the gate
electrode layer 11.

The gate insulating layer 12 can be formed by a plasma
CVD method, a sputtering method, or the like, as a single
layer selected from the following layers or a laminated layer
of one or more types of the following layers: a silicon oxide
layer, a silicon nitride layer, a silicon oxynitride layer, a
silicon nitride oxide layer, and an aluminum oxide layer. For
example, a silicon oxynitride layer may be formed by a
plasma CVD method using SiH,, oxygen, nitrogen, or an
oxide of nitrogen as a deposition gas. A thickness of the gate
insulating layer 12 is 10 nm or more and 300 nm or less, and
in the case of a laminated layer, the laminated layer includes
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a first gate insulating layer with a thickness of 5 nm or more
and 150 nm or less and a second gate insulating layer with a
thickness of 5 nm or more and 150 nm or less over the first
gate insulating layer, for example.

In this embodiment, a silicon oxynitride layer with a thick-
ness of 100 nm or less is formed as the gate insulating layer 12
by a plasma CVD method.

Next, over the gate insulating layer 12, an oxide semicon-
ductor layer 13 with a thickness of 2 nm or more and 200 nm
or less is formed.

Note that, before forming the oxide semiconductor layer 13
by a sputtering method, dust on a surface of the gate insulating
layer 12 is preferably removed by reverse sputtering in which
plasma is generated by introducing argon gas. Note that
instead of an argon atmosphere, a nitrogen atmosphere, a
helium atmosphere, an oxygen atmosphere, or the like may be
used.

As the oxide semiconductor layer 13, the following may be
used: an In—Ga—7n—0-based oxide semiconductor layer;

an In—Sn—O-based oxide semiconductor layer; an
In—Sn—7n—0-based oxide semiconductor layer; an
In—Al—7n—0O-based oxide semiconductor layer; a

Sn—Ga—7Zn—O0-based oxide semiconductor layer; an
Al—Ga—7n—O0-based oxide semiconductor layer; a
Sn—Al—Zn—0-based oxide semiconductor layer; an
In—7n—O-based oxide semiconductor layer; a Sn—7Zn—
O-based oxide semiconductor layer; an Al—7n—O-based
oxide semiconductor layer; an In—O-based oxide semicon-
ductor layer; a Sn—O-based oxide semiconductor layer; or a
Zn—O-based oxide semiconductor layer. In this embodi-
ment, the oxide semiconductor layer 13 is formed by a sput-
tering method using an In—Ga—Zn—0-based oxide semi-
conductor target. Alternatively, the oxide semiconductor
layer 13 can be formed by a sputtering method in a rare gas
(typically argon) atmosphere, an oxygen atmosphere, or an
atmosphere including a rare gas (typically argon) and oxygen.
In the case of using a sputtering method, a target containing
Si0, at 2 wt % or more and 10 wt % or less may be used for
film formation.

As a target for manufacturing the oxide semiconductor
layer 13 by a sputtering method, a metal oxide target contain-
ing zinc oxide as a main component can be used. Also, as
another example of a metal oxide target, an oxide semicon-
ductor target containing In, Ga, and Zn (composition ratio of
In,05:Ga,05:Zn0=1:1:1[mol], In:Ga:Zn=1:1:0.5[atom])
can be used. Alternatively, as the oxide semiconductor target
containing In, Ga, and Zn, a target with a composition ratio of
In:Ga:Zn=1:1:1[atom] or In:Ga:Zn=1:1:2[atom] can be used.
A filling rate of the oxide semiconductor target is 90% or
more and 100% or less, and preferably 95% or more and
99.9% or less. By using an oxide semiconductor target with a
high filling rate, a dense film is formed as the oxide semicon-
ductor layer.

As a sputtering gas that is used when forming the oxide
semiconductor layer 13, it is preferable to use a high-purity
gas from which an impurity such as hydrogen, water, a
hydroxyl group, or a hydride is removed to a concentration
expressed by a level of about ppm or ppb.

The substrate is held in a treatment chamber kept under
reduced pressure, and a substrate temperature is set at 100° C.
or higher and 600° C. or lower, preferably 200° C. or higher
and 400° C. or lower. By heating the substrate during film
formation, an impurity concentration in the oxide semicon-
ductor layer that is formed can be reduced. Also, damage by
sputtering can be reduced. Then, a sputtering gas from which
hydrogen and moisture are removed is introduced while
remaining moisture in the treatment chamber is removed, and
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the oxide semiconductor layer is formed over the substrate
with a metal oxide as the target. To remove the remaining
moisture from the treatment chamber, a sorption vacuum
pump is preferably used. For example, a cryopump, an ion
pump, or a titanium sublimation pump is preferably used.
Also, as an evacuation method, a turbo molecular pump using
liquid nitrogen, liquid hydrogen, or the like to which a cold
trap is added may be used. In the film formation chamber
evacuated using the cryopump, a hydrogen atom, a compound
containing a hydrogen atom such as water (H,O) (more pref-
erably, also a compound containing a carbon atom) and the
like are evacuated, and a concentration of an impurity con-
tained in the oxide semiconductor layer formed in the film
formation chamber can be reduced.

As one example of film formation conditions, the follow-
ing conditions are applied: distance of 100 mm between the
substrate and the target; pressure of 0.6 Pa; direct-current
(DC) power source of 0.5 kW; and an oxygen atmosphere
(proportion of oxygen flow rate is 100%). Note that it is
preferable to use a pulsed direct-current (DC) power source
because a powder substance (also called particle or dust)
generated during film formation can be reduced and thickness
distribution can be uniform. The thickness of the oxide semi-
conductor layer is preferably 5 nm or more and 30 nm or less.
Note that, appropriate thickness differs depending on an
oxide semiconductor material that is used, and the thickness
may be appropriately determined depending on the material.

Next, the oxide semiconductor layer 13 is processed into an
island-shaped oxide semiconductor layer by a second photo-
lithography step. A resist mask for forming the island-shaped
oxide semiconductor layer may be formed by an inkjet
method. By forming the resist mask by an inkjet method,
manufacturing cost can be reduced since a photomask is not
used.

Next, the oxide semiconductor layer is subjected to a first
heating treatment. By this first heating treatment, the oxide
semiconductor layer can be dehydrated or dehydrogenated. A
temperature of the first heating treatment is 400° C. or higher
and 750° C. or lower, preferably 400° C. or higher and less
than a strain point of the substrate. Here, the substrate is
introduced into an electric furnace which is one type of heat-
ing treatment apparatuses, and the oxide semiconductor layer
is subjected to a heating treatment for one hour at 450° C. in
a nitrogen atmosphere; after that, the oxide semiconductor
layer 14 is obtained by preventing reentry of water or hydro-
gen in the oxide semiconductor layer without exposure to air.

Note that, the heating treatment apparatus is not limited to
an electric furnace, and an apparatus may be provided which
heats an object to be processed using heat conduction or heat
radiation from a heating element such as a resistance heating
element. For example, an RTA (Rapid Thermal Anneal) appa-
ratus such as a GRTA (Gas Rapid Thermal Anneal) apparatus
or a LRTA (Lamp Rapid Thermal Anneal) apparatus can be
used. The LRTA apparatus is an apparatus that heats an object
to be processed with radiation of light emitted from a lamp
such as a halogen lamp, a metal halide lamp, a xenon arc
lamp, a carbon arc lamp, a high-pressure sodium lamp, or a
high-pressure mercury lamp The GRTA apparatus is an appa-
ratus that performed a heating treatment using a high-tem-
perature gas. As the gas, an inert gas that does not react with
the object to be processed due to the heating treatment, such
as nitrogen or a rare gas such as argon, is used.

For example, GRTA may be performed as the first heating
treatment, by which the substrate is moved into an inert gas
heated to a high temperature of 650° C. to 700° C., heated for
several minutes, and then moved out of the inert gas heated to
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10
the high temperature. With GRTA, a high-temperature heat-
ing treatment is possible in a short amount of time.

Note that, in the first heating treatment, it is preferable that
water, hydrogen, or the like is not contained in an atmosphere
of'nitrogen or a rare gas such as helium, neon, or argon. Also,
it is preferable that purity of nitrogen or the rare gas such as
helium, neon, or argon that is introduced into the heating
treatment apparatus is 6N (99.9999%) or higher, and prefer-
ably 7N (99.99999%) or higher (that is, impurity concentra-
tion is 1 ppm or lower, preferably 0.1 ppm or lower).

Also, depending on the condition of the first heating treat-
ment or the material of the oxide semiconductor layer, the
oxide semiconductor layer may crystallize and become a
microcrystalline layer or a polycrystalline layer. For example,
the oxide semiconductor layer may crystallize and become
microcrystalline with a degree of crystallization of 90% or
higher or 80% or higher. Further, depending on the condition
of the first heating treatment or the material of the oxide
semiconductor layer, the oxide semiconductor layer may
become amorphous, which contains no crystalline compo-
nent. Furthermore, the oxide semiconductor layer may
become an oxide semiconductor layer in which a microcrys-
talline portion (grain diameter of 1 nm or larger and 20 nm or
smaller (typically 2 nm or larger and 4 nm or smaller)) is
mixed in an amorphous oxide semiconductor.

Also, the first heating treatment of the oxide semiconductor
layer can be performed on the oxide semiconductor layer 13
before processing it into the island-shaped oxide semicon-
ductor layer. In that case, the substrate is taken out of the
heating apparatus after the first heating treatment, and a pho-
tolithography step is performed.

The heating treatment which has an effect of dehydration
or dehydrogenation on the oxide semiconductor layer may be
performed after forming the oxide semiconductor layer, after
laminating a source electrode and a drain electrode over the
oxide semiconductor layer, or after a protective insulating
layer is formed over the source electrode and the drain elec-
trode.

Also, in the case of forming a contact hole in the gate
insulating layer 12, a step thereof may be performed before or
after performing a dehydration or dehydrogenation treatment
on the oxide semiconductor layer 13.

Note that, etching of the oxide semiconductor layer here is
not limited to wet etching, and dry etching may also be used.

Etching conditions (such as etchant, etching time, and tem-
perature) are appropriately adjusted depending on the mate-
rial so that the material can be etched into a desired shape.

Next, a conductive layer is formed over the gate insulating
layer 12 and the oxide semiconductor layer 13. The conduc-
tive layer may be formed by a sputtering method or a vacuum
evaporation method. As a material of the conductive film, an
element selected from Al, Cr, Cu, Ta, Ti, Mo, and W; an alloy
containing any of the above-mentioned elements as a com-
ponent; an alloy layer in which any of the above-mentioned
elements are combined; or the like can be given. The conduc-
tive layer may contain one or a plurality of materials selected
from manganese, magnesium, zirconium, beryllium, and
yttrium. Furthermore, the conductive layer may have a single-
layer structure or a laminated structure with two or more
layers. For example, a single layer structure of an aluminum
film containing silicon; a two-layer structure in which a tita-
nium layer is laminated over an aluminum layer; a three-layer
structure in which a Ti layer, an aluminum layer, and a Ti layer
are laminated in this order; and the like can be given. Alter-
natively, a layer, an alloy layer, or a nitride layer in which Al
is combined with one or a plurality of elements selected from
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the following may be used: titanium (T1), tantalum (Ta), tung-
sten (W), molybdenum (Mo), chromium (Cr), neodymium
(Nd), and scandium (Sc).

In the case that a heating treatment is performed after
forming the conductive layer, it is preferable that the conduc-
tive layer is given heat resistance that is enough to withstand
this heating treatment.

In a third photolithography step, a resist mask is formed
over the conductive layer, etching is performed selectively to
form a source electrode layer 15a and a drain electrode layer
155, and then the resist mask is removed.

For light exposure during formation of the resist mask in
the third photolithography step, ultraviolet light, KrF laser
beam, or ArF laser beam is used. A channel length IL of a thin
film transistor to be formed later is determined by a distance
between a lower end portion of the source electrode layer and
a lower end portion of the drain electrode layer that are
adjacent to each other over the oxide semiconductor layer 14.
Note that, in the case of performing light exposure when
channel length L is less than 25 nm, light exposure during
formation ofthe resist mask in the third photolithography step
is performed using extreme ultraviolet light with an
extremely short wavelength of several nanometers to several
tens of nanometers is used. Light exposure with extreme
ultraviolet light leads to high resolution and large depth of
focus. Accordingly, the channel length L of the thin film
transistor to be formed later can be set to 10 nm or more and
1000 nm or less, thereby increasing operation speed of a
circuit and an OFF-current value is extremely small. With
this, reduction in power consumption can be achieved.

Note that, materials and etching conditions are appropri-
ately adjusted so that the oxide semiconductor layer 14 is not
removed when the conductive layer is etched.

In this embodiment, a Ti layer is used as the conductive
layer, an In—Ga—7n—O-based oxide semiconductor is
used for the oxide semiconductor layer 14, and an ammonia
hydrogen peroxide solution (a mixed solution of ammonia,
water, and a hydrogen peroxide solution) is used as the
etchant.

Note that, in the third photolithography step, only a portion
of the oxide semiconductor layer 14 is etched, and an oxide
semiconductor layer with a groove portion (a depressed por-
tion) is formed in some cases. Also, a resist mask for forming
the source electrode layer 15a and the drain electrode layer
156 may be formed by an inkjet method. By foaming the
resist mask by an inkjet method, manufacturing cost can be
reduced since a photomask is not used.

Furthermore, an oxide conductive layer may be formed
between the source and drain electrode layers and the oxide
semiconductor layer. The oxide conductive layer and the
metal layer for forming the source electrode layer and the
drain electrode layer can be formed successively. The oxide
conductive layer can function as a source region and a drain
region.

By providing the oxide conductive layer as the source
region and the drain region between the oxide semiconductor
layer and the source and drain electrode layers, reduction in
resistance in the source region and the drain region can be
achieved and the transistor can operate at high speed.

Also, to reduce the number of photomasks used in the
photolithography steps and to reduce the number of steps, an
etching step may be performed using a resist mask that is
formed using a multi-tome mask which is a light-exposure
mask through which light is transmitted to have a plurality of
intensities. A resist mask formed by using a multi-tone mask
has a plurality of thicknesses, and a form thereof can be
further changed by etching; therefore, the resist mask can be
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used in a plurality of etching steps for processing into differ-
ent patterns. Accordingly, with one multi-tone mask, a resist
mask that corresponds to at least two different types of pat-
terns can be formed. Thus, the number of light-exposure
masks can be reduced as well as corresponding photolithog-
raphy steps, and simplification of the steps is possible.

Next, a plasma treatment is performed using a gas such as
N,O, N,, or Ar. By this plasma treatment, adsorbed water and
the like attached to an exposed surface of the oxide semicon-
ductor layer are removed. The plasma treatment may be per-
formed using a mixed gas of oxygen and argon.

After performing the plasma treatment, the oxide insulat-
ing layer 16 which is a protective insulating layer and is in
contact with a portion of the oxide semiconductor layer is
formed without coming into contact with air.

The oxide insulating layer 16 may be formed to have a
thickness of 1 nm or more, by appropriately using a method
that does not allow an impurity such as water or hydrogen to
be mixed into the oxide insulating layer 16, such as a sput-
tering method. If hydrogen is contained in the oxide insulat-
ing layer 16, the hydrogen enters the oxide semiconductor
layer or the hydrogen extracts oxygen from the oxide semi-
conductor layer, thereby causing resistance reduction of a
portion (back channel) of the oxide semiconductor layer that
is in contact with the oxide insulating layer 16 (is turned into
an n-channel type), and there is concern that a parasitic chan-
nel is formed. Therefore, it is important that hydrogen is not
used in the film formation method so that the oxide insulating
layer 16 is formed to be a film that contains as little hydrogen
as possible.

In this embodiment, a silicon oxide layer with a thickness
of 200 nm is formed as the oxide insulating layer 16 by a
sputtering method. The substrate temperature during film
formation may be set at room temperature or higher and 300°
C. or lower, and in this embodiment, it is set as 100° C. The
silicon oxide layer can be foamed by a sputtering method in a
rare gas (typically argon) atmosphere, an oxygen atmosphere,
or an atmosphere of a rare gas (typically argon) and oxygen.
Also, as a target, a silicon oxide target or a silicon target can
be used. For example, using a silicon target, silicon oxide can
be formed by a sputtering method in an atmosphere of oxygen
and nitrogen. The oxide insulating layer 16 that is formed in
contact with the oxide semiconductor layer with reduced
resistance is formed using an inorganic insulating layer that
does not contain an impurity such as moisture, hydrogenions,
or Off, and blocks such an impurity from entering from out-
side. Typically, a silicon oxide layer, a silicon oxynitride
layer, an aluminum oxide layer, an aluminum oxynitride
layer, or the like is used.

In this case, it is preferable to form the oxide insulating
layer 16 while removing remaining moisture from the treat-
ment chamber. This is to prevent the oxide semiconductor
layer 13 and the oxide insulating layer 16 from containing
hydrogen, a hydroxyl group, or moisture.

To remove the remaining moisture from the treatment
chamber, an entrapment vacuum pump is preferably used. For
example, a cryopump, an ion pump, or a titanium sublimation
pump is preferably used. Also, as an evacuation method, a
turbo pump to which a cold trap is added may be used. In the
film formation chamber evacuated using a cryopump, a
hydrogen atom, a compound containing a hydrogen atom
such as water (H,O) and the like are evacuated, and a con-
centration of an impurity contained in the oxide insulating
layer 16 formed in the film formation chamber can be
reduced.

As a sputtering gas that is used when forming the oxide
insulating layer 16, it is preferable to use a high-purity gas
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from which an impurity such as hydrogen, water, a hydroxyl
group, or a hydride is removed to a concentration expressed
by a level of about ppm or ppb.

Next, a second heating treatment (preferably at 200° C. or
higher and 400° C. or lower, for example, 250° C. or higher
and 350° C. or lower) is performed in an inert gas atmosphere,
or an oxygen gas atmosphere. For example, the second heat-
ing treatment is performed for one hour at 250° in a nitrogen
atmosphere. When the second heating treatment is per-
formed, heat is applied while a portion (channel formation
region) of the oxide semiconductor layer is in contact with the
oxide insulating layer 16.

Through the above steps, the heating treatment for dehy-
dration or dehydrogenation is performed on the oxide semi-
conductor layer after film formation to reduce resistance, and
then a portion of the oxide semiconductor layer selectively
made to be in an oxygen-excess state. As a result, a channel
formation region 17 which overlaps with the gate electrode
layer 11 becomes i-type, and a high-resistance source region
18a which overlaps with the source electrode layer 15a and a
high-resistance drain region 185 which overlaps with the
drain electrode layer 155 are formed in a self-aligning man-
ner. Through the above steps, the thin film transistor is formed
(see FIG. 1D).

Furthermore, a heating treatment may be performed at
100° C. or higher and 200° C. or lower, for one hour or more
and 30 hours or less, in air. In this embodiment, the heating
treatment is performed at 150° C. for 10 hours. This heat
treatment may be performed at a fixed heating temperature, or
by repeating a plurality of times the following: raising the
temperature from room temperature to a heating temperature
01 100° C. or higher and 200° C. or lower, and then lowering
the temperature from the heating temperature to room tem-
perature. This heating treatment may be performed under
reduced pressure before forming the oxide insulating layer.
By performing the heating treatment under reduced pressure,
heating time can be shortened. By this heating treatment, a
normally-off thin film transistor can be obtained. Further-
more, when a silicon oxide layer with many defects is used for
the oxide insulating layer, the impurities contained in the
oxide semiconductor layer can be reduced more effectively
by this heating treatment.

Note that, by forming the high-resistance drain region 186
(or high-resistance source region 18a) in the oxide semicon-
ductor layer which overlaps with the drain electrode layer 1556
(or source electrode layer 15a), reliability of the thin film
transistor can be improved. Specifically, by forming the high-
resistance drain region 184, a structure can be obtained in
which conductivity gradually changes from the drain elec-
trode layer 155 to the high-resistance drain region 185 and the
channel formation region 17. Therefore, in the case that
operation is done by connecting the drain electrode layer 1556
to a wiring that supplies a high power potential VDD, even
when a high electrical field is applied between the gate elec-
trode layer 11 and the drain electrode layer 155, the high-
resistance drain region serves as a buffer and the high electric
field is not applied locally; thus, pressure resistance of the
transistor can be improved.

Furthermore, the high-resistance source region or the high-
resistance drain region in the oxide semiconductor layer is
formed in the entire thickness direction in the case that the
thickness ofthe oxide semiconductor layeris thin, as in 15 nm
or less. In the case that the thickness of the oxide semicon-
ductor layer is thick, as in 30 nm or more and 50 nm or less,
resistance is reduced in a portion of the oxide semiconductor
layer, that is, in a region in contact with the source electrode
layer or the drain electrode layer and a periphery thereof

20

25

30

40

45

14

thereby forming the high-resistance source region or the
high-resistance drain region, and a region in the oxide semi-
conductor layer that is close to the gate insulating layer can be
made to be i-type.

A protective insulating layer may also be formed over the
oxide insulating layer 16. For example, a silicon nitride layer
is formed using an RF sputtering method. The RF sputtering
method is preferable as a film formation method of the pro-
tective insulating layer because it has favorable productivity.
For the protective insulating layer, an inorganic insulating
layer that does not contain an impurity such as moisture,
hydrogen ions, or OH™, and blocks such an impurity from
entering from outside is used, such as a silicon nitride layer,
an aluminum nitride layer, a silicon nitride oxide layer, or an
aluminum nitride oxide layer.

Next, as shown in FIG. 1C, by forming over the oxide
insulating layer 16 a conductive layer using one or a plurality
of'a metal with a characteristic of easily storing or adsorbing
moisture, a hydroxyl group, or hydrogen, and then patterning
the conductive layer, the back gate electrode layer 19 is
formed in a position that overlaps with the oxide semicon-
ductor layer 14. In one embodiment of the present invention,
ITO (Indium-Tin-Oxide), which transmits ultraviolet light, is
used in order to perform data writing by performing ultravio-
letirradiation on an active layer. The back gate electrode layer
is not limited thereto, and an open portion formed by etching
away a portion of a generic metal thin layer may be provided.
It is necessary that the open portion be provided in a position
that corresponds to a channel portion of the oxide semicon-
ductor layer. However, it is unnecessary to provide the open
portion in the entire the channel portion. With this, because
ultraviolet light can be transmitted through the open portion at
the same time as maintaining a function as a back gate, the
oxide semiconductor layer can be irradiated with ultraviolet
light through the back gate therebetween.

Next, after forming the back gate electrode layer 19, by
performing a heating treatment in a reduced pressure atmo-
sphere or in an inert gas atmosphere while the back gate
electrode layer 19 is exposed, an activation treatment is per-
formed for removing moisture, oxygen, or the like that is
adsorbed on a surface of or inside the back gate electrode
layer 19.

By performing the above activation treatment, an impurity
such as moisture, a hydroxyl group, or hydrogen that exists
inside the oxide semiconductor layer 14, inside the gate insu-
lating layer 12, on an interface of the oxide semiconductor
layer 14 and the gate insulating layer 12 and a periphery
thereof, or on an interface of the oxide semiconductor layer
14 and the oxide insulating layer 16 and a periphery thereofis
stored or adsorbed on the back gate electrode 19 that is acti-
vated, and the above impurity can be prevented from degrad-
ing a transistor characteristic. Furthermore, by desorption of
moisture, a hydroxyl group, hydrogen, or the like, carrier
concentration of the oxide semiconductor layer 14 can be
increased, thereby increasing hole mobility.

In addition, an impurity such as moisture or hydrogen
contained in an atmosphere in which a semiconductor device
is placed can be prevented from being taken into the oxide
semiconductor layer 14. In this embodiment, a heating treat-
ment is performed for 10 minutes in a state where a tempera-
ture is 400° C. and a substrate temperature is at an above-
mentioned temperature, while maintaining a reduced
pressure atmosphere with a degree of vacuum of 5x107> Pa or
less and preferably 10~° Pa or less inside a treatment chamber
using an evacuation method such as a turbomolecular pump.

Note that, the heating treatment for activation is performed
in a state where the oxide semiconductor layer 14 is in contact
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with the oxide insulating layer 16. Therefore, resistance of a
region of the oxide semiconductor layer 14 that is in contact
with the oxide insulating layer 16 is increased evenly, thereby
reducing variation in an electrical characteristic of the thin
film transistor.

Note that, although the case in which the back gate elec-
trode layer 19 matches the oxide semiconductor layer 14 is
shown in FIG. 1E, the present invention is not limited to this
structure. By the back gate electrode layer 19 completely
covering the entire oxide semiconductor layer 14, an effect of
reducing an impurity in the oxide semiconductor layer 14 is
enhanced. However, the above effect can also be obtained by
at least an entire portion of the oxide semiconductor layer 14
serving as a channel formation region or a portion thereof
overlapping the back gate electrode layer 19.

Furthermore, the back gate electrode layer 19 may be elec-
trically insulated and in a floating state, or may be in a state
where it is supplied with potential. In the case of the latter, the
back gate electrode layer 19 may be supplied with the same
potential as the gate electrode layer 11, or may be supplied
with a fixed potential such as a ground potential. By control-
ling the level of potential supplied to the back gate electrode
19, threshold voltage of the thin film transistor can be con-
trolled. By providing a back gate in this manner, a threshold of
the thin film transistor including an oxide semiconductor does
not shift to a negative side in an initial state (before ultraviolet
light irradiation), and an OFF state can be stably maintained
at a gate voltage of 0 volts.

A memory cell array as shown in FIG. 2 is formed using as
an active layer a thin film transistor that has an oxide semi-
conductor provided with such a back gate. Although FIG. 2
shows an example of a 4-bit memory cell array, the memory
cell array is not limited thereto, and may have a large number
of bits. A first word line 101 and a second word line 102
extending in one direction (horizontal direction in FIG. 2),
and a first bit line 105 and a second bit line 106 extending in
another direction (vertical direction in FIG. 2) are provided,
and the word lines and the bit lines are orthogonal to each
other with a gate insulating layer interposed therebetween. A
portion determined by the first word line 101 and the first bit
line 105 is called a first bit 114; a portion determined by the
first word line 101 and the second bit line 106 is called a
second bit 115; a portion determined by the second word line
102 and the first bit line 105 is called a third bit 116; and a
portion determined by the second word line 102 and the
second bit line 106 is called a fourth bit 117, and they will be
used for explaining data writing and readout of a 4-bit
memory cell array. The first bit 114 is provided with a first thin
film transistor 110. A gate electrode of the first thin film
transistor 110 is electrically connected to the first word line
101, and a source electrode is electrically connected to the
first bit line 105. Also, a gate electrode layer of a second thin
film transistor 111 of the second bit 115 is electrically con-
nected to the first word line 101, and a source electrode is
connected to the second bit line 106. Note that, a drain portion
of'the first thin film transistor is connected to a ground poten-
tial 120 in FIG. 2. Connection of this portion is not limited
thereto, and a connection relationship differs depending on a
characteristic of the thin film transistor, and in some cases a
predetermined potential or a signal is given. The memory cell
array has a form in which a word line and a bit line extending
in different directions are orthogonal to each other, and a thin
film transistor is placed at an intersecting point thereof.

Data writing in the memory cell array by ultraviolet light
irradiation is described with reference to FIG. 3. Portions
described in FIG. 2 are denoted with the same numerals as in
FIG. 2. Data wiring with ultraviolet light is performed on the

10

15

20

25

30

35

40

45

50

55

60

65

16

first thin film transistor 110 of the first bit and a fourth thin
film transistor 113 of the fourth bit. At that time, a first mask
200 is placed over the second thin film transistor 111 of the
second bit. In the same manner, a second mask 201 is placed
over a third thin film transistor 112 of the third bit which is
connected to the second word line 102 and the first bit line
105. For the masks, a material that does not transmit ultra-
violet light is used. The thin film transistors can be shielded
from light by placing over the memory cell array a photomask
glass provided with a lamination of metal thin films of chro-
mium and chromium oxide as a light shield. Alternatively,
aluminum, gold, titanium, tungsten, or the like can be used for
the metal thin film. In addition, an organic or inorganic pig-
ment such as black ink, silver paste, gold paste, or carbon
paste can be used over a desired thin film transistor by using
screen printing or aninkjet. It is desirable that a mask material
is a material that can block ultraviolet light with a wavelength
01400 nm or less to a transmittance of 5% or less, desirably
0.5% or less. Although a required thickness differs depending
on the material, 200 nm is sufficient for a metal thin film, and
10 to 50 microns is sufficient for a printing method. Further-
more, although a shape of the mask is a square in FIG. 2, the
shape is not limited thereto, and it may be a round or trian-
gular shape. It is desirable to shield at least a channel portion
of the thin film transistor, and normally the entire semicon-
ductor layer, from light.

After the masks are formed over the desired thin film
transistors, the memory cell array is irradiated with ultraviolet
lights 210 and 211. Although two arrows are marked in FIG.
3, ultraviolet light irradiation is not limited thereto, and may
be performed evenly on the entire memory cell array. At that
time, top surfaces of the first mask 200 and the second mask
201 are also subjected to ultraviolet light irradiation. If mask
formation is performed adequately in a manner described
previously, the thin film transistors 111 and 112 under the
masks are not irradiated with ultraviolet light. Also, when
ultraviolet light is introduced through a glass fiber or the like,
a beam radius can be made to be 1 to 10 mm, and in some
cases 20 to 50 mm, which is extremely convenient in that
work can be done by holding the glass fiber by hand. Further-
more, when ultraviolet light can be introduced from an optical
microscope with an ultraviolet laser as a light source, light can
be focused using an optical lens, and direct irradiation can be
done on only the intended thin film transistor, without a mask.

As anultraviolet light irradiation apparatus, a low-pressure
mercury lamp or a high-pressure mercury lamp is used.
Dominant wavelengths of a low-pressure mercury lamp are
184.9 nm and 253.7 nm. A high-pressure mercury lamp emits
ultraviolet light that has a dominant wavelength of 365 nm.
Illuminance required for writing is 0.2 to 20 mW/cm?, or 20
to 200 mW/cm?. Energy at that tune is 5 to 200 mJ/cm?.
However, energy is not limited thereto, and sufficient energy
of 200 to 2000 mJ/cm? may be supplied. Also, although it is
shown that ultraviolet light irradiation is performed from
above the thin film transistors in FIG. 3, direction of ultravio-
let light irradiation changes depending on a device structure
of the array. In the case of a bottom-gate TFT, because a
semiconductor layer that is an active layer is formed over a
gate electrode, a mask is provided over a top portion thereof
and the thin film transistor is irradiated with ultraviolet light
from above. With this, the channel portion is irradiated with
ultraviolet light and excitation easily occurs in the semicon-
ductor layer. Also, with a top-gate TFT structure, because a
gate insulating layer and a gate electrode are formed above
the semiconductor layer, the channel portion cannot be irra-
diated with ultraviolet light efficiently from above the array.
In this case, a mask layer is formed over a rear surface of a



US 9,153,338 B2

17

substrate (a surface that is opposite a surface over which the
thin film transistor is formed), and ultraviolet light irradiation
is performed on the rear surface. In this case, a material of the
substrate is preferably a material that sufficiently transmits
ultraviolet light, such as glass or quartz.

Regarding a memory cell array in which desired data is
written in this manner, due to concern of having the same
effect as data writing by being exposed to a wavelength that
includes ultraviolet light such as general light, external light,
and solar light for a long period of time, it is desirable to
perform sealing or coating to prevent ultraviolet light expo-
sure.

An example of an Id-Vg characteristic of a thin film tran-
sistor in which a back gate electrode layer is formed is shown
in FIGS. 4A and 4B. An Id-Vg characteristic 401 of the thin
film thin film transistor before writing by ultraviolet light
irradiation is a measurement of current between drain-source
when a gate voltage of =20 to +20 Volts is applied while in a
state where a ground potential is applied to a source portion
and 10 Volts is applied to a drain portion. When the gate
voltage is negative, a current value is stable at 1x107'2 to
1x107** A, and by the time the gate voltage becomes positive,
the current value drastically increases to 107> to 1072 A. A
voltage when a current shift is largest is called a threshold
(expressed as Vthl volts). At this time, the threshold Vthl is
1.5 to 4 volts, the current is 1072 A or less at a gate voltage of
0 volts, and comes to a complete normally-Off state.

An 1d-Vg characteristic 402 of the thin film transistor irra-
diated with ultraviolet light is described. Although there is not
much difference in overall measurement curve from before
writing, threshold (represented by Vth2 volts) after writing is
-3 to 1 volt, which is a shift on a negative side by 2 to 4 volts
compared to the threshold before irradiation. Therefore, cur-
rent flows between drain-source with a smaller gate voltage.
This shift in threshold does not return to Vth1 with passage of
time, and the shift is maintained.

As an oxide semiconductor layer 130, the following may
be used: an In—Ga—Zn—O-based oxide semiconductor
layer; an In—Sn—O-based oxide semiconductor layer; an
In—Sn—7n—O-based oxide semiconductor layer; an
In—Al—7n—0O-based oxide semiconductor layer; a
Sn—Ga—7Zn—O0-based oxide semiconductor layer; an
Al—Ga—7n—O0-based oxide semiconductor layer; a
Sn—Al—Zn—0-based oxide semiconductor layer; an
In—7n—O0-based oxide semiconductor layer; a Sn—7Zn—
O-based oxide semiconductor layer; an Al—7n—O-based
oxide semiconductor layer; an In—O-based oxide semicon-
ductor layer; a Sn—O-based oxide semiconductor layer; or a
Zn—O-based oxide semiconductor layer. Each of these mate-
rials has been traditionally used for a transparent electrode,
and has an energy gap of about 3 eV. For example, the energy
gap of an In—Ga—Zn—0-based monocrystalline thin filmis
3.15 eV, and corresponds to light with energy with a wave-
length of 390 nm. Accordingly, a thin film transistor using
such an oxide semiconductor in a semiconductor layer is
easily excited by ultraviolet light irradiation, makes a donor
level in the semiconductor layer, and easily causes threshold
shift. The thin film transistor continues to be in a stable state
after shifting, and a memory device utilizes this characteris-
tic.

In the thin film transistor in which data is written with
ultraviolet light and the thin film transistor without writing,
because they have different thresholds, when a voltage Vr
(this voltage is called a readout voltage Vr) which is between
the two thresholds Vth1 and Vth2 is selected and applied to
the gate voltage, the Id-Vg characteristic 401 of the thin film
transistor before writing come to have a high resistance value
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between the source electrode layer and the drain electrode
layer and comes to an OFF state, and the Id-Vg characteristic
402 of the thin film transistor comes to have a low resistance
value between the source electrode layer and the drain elec-
trode layer and an ON state is obtained. The larger the differ-
ence in resistance values between the ON state and the OFF
state, the better the precision of the memory device. When
writing voltage is applied, although it is desirable that resis-
tance values have a difference of 6 digits or more, a memory
device can function sufficiently with a difference of about 2 to
3 digits. This can be utilized as a memory device.

FIG. 5 shows a state of writing data into the memory cell
array. The second bit 115 and the third bit 116 which has been
masked and not irradiated with ultraviolet light remain with
“0” data 301 and 302, but the first bit 114 and the fourth bit
117 subjected to ultraviolet light irradiation have “1” data 300
and 303 written in them. In this manner, data of “1001” is
written in the 4-bit memory cell array. Although there is no
change in terms of a broad view caused by writing by ultra-
violet light irradiation, “1001” is written in this 4-bit memory
cell array, which is volatilized and data is maintained without
disappearing; thus, the device of the present invention is
achieved.

Regarding a memory cell array in which desired data is
written in this manner, due to concern of having the same
effect as data writing by being exposed to a wavelength that
includes ultraviolet light such as general light, external light,
and solar light for a long period of time, it is desirable to
perform sealing or coating to prevent ultraviolet light expo-
sure.

A memory cell array provided with a peripheral circuit is
shown in FIG. 6. How data is read out from a memory cell
array in which data is written will be explained. As already
explained in FIGS. 2, 3 and 5, data is already written in the
memory cell array including the thin film transistor including
an oxide semiconductor. FIG. 6 may be thought of as a similar
diagram to those in FIGS. 2, 3, and 5 but with a peripheral
circuit added thereto. Although the 4-bit memory circuit is
shown as the memory element circuit for the sake of simplic-
ity, the memory circuit is not limited to 4 bits. The memory
element circuit shown in FIG. 6 includes a column decoder
601; a row decoder 602; an amplifier 615; thin film transistors
603, 604, 605, and 606 cach having an oxide semiconductor
in an active layer; bit lines (data lines) 621 and 622; word lines
631 and 632; a VDD 600 which is a power source; column
switches 611 and 612; an output wiring 617; a thin film
transistor 614 which serves as a fixed resistance for potential
measurement; and an output terminal 616. A gate electrode
and a source electrode of the first thin film transistor 603 are
connected to the word line 631 and the bit line 621, respec-
tively. Although a drain electrode is connected to a ground
potential 624 in this diagram, it is not limited thereto, and in
some cases a specific potential is given. Gate electrodes and
source electrodes of the other thin film transistors 604, 605,
and 606 are also connected to respective wirings by the same
connection method. A portion determined by the first word
line 631 and the first bit line 621 is called a first bit 635; a
portion determined by the first word line 631 and the second
bit line 622 is called a second bit 636; a portion determined by
the second word line 632 and the first bit line 621 is called a
third bit 637; and a portion determined by the second word
line 632 and the second bit line 622 is called a fourth bit 638,
and they will be used for explaining data writing and readout
of'a 4-bit memory cell array.

Inthe memory cell array, the data “1001” is already written
as described in FIG. 3, and the first bit 635 and the fourth bit
638 cach have a data “1” by ultraviolet light. The second bit
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636 and the third bit 637 not irradiated with ultraviolet light
because of mask formation each have data “0.” How memory
information is read out from the memory cell array in which
the memory information is written will be explained.

The second thin film transistor 604 in the second bit 636 not
irradiated with ultraviolet light has the threshold Vthl, and
when the readout voltage Vr is applied to the gate electrode,
current between the source and the drain is small and an OFF
state is obtained. The word line 631 is selected by the row
decoder 602, and a readout voltage of 3 Volts, for example, is
applied to the gate electrode of the thin film transistor 604.
Next, the bit line 622 is selected by the column switch 612
from the column decoder 601, and a power source potential of
VDD is applied to the source line of the thin film transistor
604 from the output wiring 617. Because the thin film tran-
sistor 604 not irradiated with ultraviolet light has the thresh-
old Vth1, even when the readout voltage Vr is applied to the
gate electrode, a current between the source and the drain is
small, and resistance value of this portion is large. Therefore,
a division of the voltage between the VDD 600 and the ground
potential 625 corresponding to the resistances of the first thin
film transistor 614 and the second thin film transistor at a
certain time may be considered. Voltage applied to the second
thin film transistor 604 is high, and voltage applied to the thin
film transistor 614 is low. Accordingly, when observation is
made with the ground potential 625 as a standard, the ampli-
fier outputs “High.”

The first thin film transistor 603 in the first bit 635 in which
data is written is considered. In the same manner as before,
the first word line 631 is selected by the row decoder. The
second column switch 612 in the second thin film transistor is
turned off and then the first column switch 611 is turned on, to
select the first bit line 621. The potential of VDD is applied to
the source portion of the first thin film transistor. The readout
voltage Vr is applied to the gate portion. The threshold of the
first thin film transistor is Vth2, and because the readout
voltage Vr which is larger that Vth2 is applied, the current
between the source and the drain flows towards the ground
potential 624. That is, the resistance value of the first thin film
transistor 603 is small. Accordingly, voltage applied between
the source and the drain in the first thin film transistor is low,
and a high voltage is applied to the thin film transistor 614.
Potential on a first bit 635 side becomes low. At that time, the
amplifier 615 outputs “Low.” In a similar manner, when the
second word line 632 is selected and VDD is applied to the
source line, the third bit in which writing is not performed has
“High” as an output, and the fourth bit in which writing is
performed has “Low” as an output.

On the other hand, a case when the word line is not selected
is considered. When the word line is not selected, the word
line has a smaller voltage than the readout voltage Vr, such as
0volts. The fourth thin film transistor 606 in the fourth bit 638
in which data is written is considered. While the second word
line 632 is not selected, the column switch 612 is connected
and VDD is applied to a source side. 0 volts is applied to the
gate electrode that is not selected. In the fourth thin film
transistor with this gate voltage, current does not flow
between the source and the drain, and resistance in this por-
tion is high. Accordingly potential on the fourth bit is large,
and the amplifier outputs “High.”

Operation during non selection of the third thin film tran-
sistor 605 in the third bit 637 without data writing is consid-
ered. When the second word line 632 is not selected, a voltage
of 0 volts is applied to the gate electrode of the third thin film
transistor 605. The column switch 611 becomes connected,
and VDD is applied to the source line through the first bit line
621. When the gate electrode is not selected, O volts is applied
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to the gate electrode. With this gate voltage, current does not
flow between the source electrode and the drain electrode of
the third thin film transistor, and resistance of this portion is
high. Therefore, potential in the third bit becomes high, and
the amplifier outputs “High.” In a similar manner, when the
first word line is not selected, the first bit 635 and the second
bit 636 also output “High.”

In this manner, the data “1001” that is written in the first bit
to the fourth bit of the memory cell array is read out as “Low,
High, High, Low,” and it is output by the amplifier. Further-
more, when a word line is not selected, regardless of whether
there is writing or not, “High” is output. That is, when a word
line selects a bit in which writing is performed and reads it
out, “Low” is output, and when a bit in which writing is not
performed is read out or when a word line is not selected,
“High” is output regardless of whether there is data written.
By the above scheme working properly, readout can be per-
formed accurately when a memory cell array including a
matrix of a plurality of word lines and bit lines is formed.

When the memory cell array in which data “1001” is held
is destroyed, with the data “1001” still left therein, it is causes
concern from a stand point of preventing confidential infor-
mation leakage. Therefore, when the memory cell array is
destroyed, the recorded data is desirably erased in one time.
As shown in FIG. 7, data can be erased by writing in all of the
bits by irradiating the entire surface evenly with the ultravio-
letlights 210 and 211 without a mask. As a result, as shown in
FIG. 8, data of “1111” is written, and the data “1001” that has
been there to that point is completely erased. Although writ-
ing is performed twice in the thin film transistors 110 and 113,
a record thereof is not particularly left behind, and only the
data “1111” remains in the memory cell array.
(Embodiment 2)

An embodiment in which another thin film transistor is
provided inside a bit in addition to a thin film transistor
including an oxide semiconductor will be explained. If the
thin film transistor including an oxide semiconductor has an
n-channel type electrical characteristic, a thin film transistor
with a p-channel type electrical characteristic is used, which
is the opposite polarity. With the p-channel type electrical
characteristic, small current flows between a source and a
drain when a positive voltage is applied to a gate electrode
layer and large current flows when a negative voltage is
applied. That is, it has a switching characteristic, by which an
OFF state is obtained when a positive voltage is applied and
an ON state is obtained when a negative voltage is applied.
Furthermore, the n-channel thin film transistor has the oppo-
site operation where an OFF state is obtained with a negative
voltage and an ON state is obtained with a positive voltage. If
the thin film transistor with an oxide semiconductor is an
n-channel type, then a p-channel type thin film transistor is
used in this embodiment. The p-channel type thin film tran-
sistor is applied as a solution when control of a threshold of
the thin film transistor with an oxide semiconductor is diffi-
cult. Note that there is not problem with applying this
embodiment to the thin film transistor including an oxide
semiconductor described in Embodiment 1 which threshold
is controlled by providing the back gate electrode layer.

FIG. 9 shows a cross-sectional structure of an element. In
using FIG. 9 for explanation, the p-channel type thin film
transistor is called a first thin film transistor and the thin film
transistor with an oxide semiconductor layer is called a sec-
ond thin film transistor. Also, a gate electrode layer 42 of the
first thin film transistor is called a first gate electrode layer to
differentiate from a second gate electrode layer 55 which is a
gate electrode layer of the second thin film transistor.
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A first thin film transistor 64 includes a silicon layer 37
with a first channel 40; a first gate insulating layer 41; the first
gate electrode layer 42; a first source electrode layer 45; and
a first drain electrode layer 46. Reference numeral 38 denotes
one of a first source region and a first drain region, and 39
denotes the other of the first source region and the first drain
region.

The first thin film transistor 64 is provided over an insulat-
ing layer 36 which is a base film. The insulating layer 36
prevents an impurity such as a metal ion contained in a sub-
strate 35 from entering the first thin film transistor 64 and the
second thin film transistor 68. The silicon layer 37 is provided
over the insulating layer 36. The first gate insulating layer 41
is provided over the silicon layer 37. The first gate electrode
layer 42 is provided over the first gate insulating layer 41. The
first source electrode layer 45 and the first drain electrode
layer 46 are provided over the silicon layer 40 so as to be in
contact with the first source region 38 and the first drain
region 39, respectively. Note that although a top-gate-type
thin film transistor is shown here as the first thin film transis-
tor 64, a bottom-gate-type thin film transistor may be used
instead. Furthermore, a plurality of the first thin film transis-
tors may be used instead of being limited to one.

The first gate electrode layer 42 is electrically connected to
a word line (not shown in the figure). Also, the first gate
electrode layer 42 may be a part of the word line.

The first source electrode layer 45 is electrically connected
to a first bit line (not shown in the figure). Furthermore, the
first drain electrode layer 46 is electrically connected to a
second source electrode layer 53 of the second thin film
transistor.

The second thin film transistor 68 will be explained. The
second thin film transistor 68 includes the second gate elec-
trode layer 55; a second gate insulating layer 51; an oxide
semiconductor layer 52; and the second source electrode
layer 53 and a second drain electrode layer 54.

The second thin film transistor 68 is provided over an
interlayer insulating layer 49. The second gate electrode layer
55 is provided over the interlayer insulating layer 49. The
second gate insulating layer 51 is provided over the second
gate electrode layer 55. The oxide semiconductor layer 52 is
provided over the second gate insulating layer 51. The second
source electrode layer 53 and the second drain electrode layer
54 are provided over the oxide semiconductor layer 52 so as
to be in contact thereto. Over the second source electrode
layer 53, the second drain electrode layer 54, the oxide semi-
conductor layer 52, and the second gate insulating layer 51, an
insulating layer 56 is provided as a passivation film. Further-
more, the second gate electrode layer 55 may be formed at the
same time as the first gate electrode layer 42, or at the same
time as the first source electrode layer 45 and the drain elec-
trode layer 46. By doing so, the number of steps is reduced.
Note that although a bottom-gate-type transistor is shown
here as the second thin film transistor 68, a top-gate-type
transistor may be used instead.

The second gate clectrode layer 55 is electrically con-
nected to a word line. Alternatively, the second gate electrode
layer 55 may be a part of the word line (not shown in the
figure).

The second source electrode layer 53 is electrically con-
nected to the first thin film transistor 64 and the first drain
electrode layer 46. Also, the second drain electrode layer 54 is
connected to a predetermined potential (not shown in the
figure).

The substrate 35 has heat resistance that is high enough to
withstand a heating treatment that is performed later. As the
substrate 35, a glass substrate of barium borosilicate glass,
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aluminoborosilicate glass or the like is used. Alternatively,
the substrate 35 may be a substrate made of an insulator, such
as aceramic substrate, a quartz substrate, a sapphire substrate,
ora crystallized glass substrate. Alternatively, a plastic film or
the like formed using polyethylene terephthalate, polyimide,
an acrylic resin, polycarbonate, polypropylene, polyester,
polyvinyl chloride, or the like may be used as long as it has
heat resistance high enough to withstand the heat treatment
that is performed later.

For the insulating layer 36, a silicon oxide layer, a silicon
nitride layer, a silicon oxynitride layer or the like is used. A
thickness of the insulating layer 36 may be 10 to 200 nm

The silicon layer 37 is a monocrystalline silicon layer or a
crystalline silicon layer. The thickness of the silicon layer 37
may be 2 nm or more and 200 nm or less. The silicon layer 37
contains a channel-type impurity element, and regions con-
taining this impurity element becomes the first source region
and first drain regions 38 and 39. The channel 40 is between
the first source region and the first drain region 38 and 39. The
silicon layer 37 may include an LDD region as needed.
Instead of asilicon layer, a layer made of germanium, silicon-
germanium, gallium arsenide, silicon carbide, or the like may
be used.

The first gate insulating layer 41 is formed as a single layer
selected from the following layers or as a laminated layer of
one or more types of the following layers: a silicon oxide
layer, a silicon nitride layer, a silicon oxynitride layer, a
silicon nitride oxide layer, an aluminum oxide layer, a Y,O,
layer, and a HfO, layer. The thickness of the first gate insu-
lating layer 41 may be 10 to 500 nm

The first gate electrode layer 42 is formed as a single layer
or laminated layer using a metal material such as molybde-
num, titanium, chromium, tantalum, tungsten, aluminum,
copper, neodymium, or scandium; or an alloy material con-
taining any of these materials as a main component. The
thickness of the first gate electrode layer 42 may be 10 to 200
nm.
Each of the first source electrode layer 45 and the first drain
electrode layer 46 is formed as a single layer or laminated
layer using a metal material such as molybdenum, titanium,
chromium, tantalum, tungsten, aluminum, copper, neody-
mium, or scandium; or an alloy material containing any of
these materials as a main component. The thickness of each of
the first source electrode layer 45 and the first drain electrode
layer 46 may be 100 to 500 nm.

An interlayer insulating layer 43 is formed, for example, as
a single layer selected from the following layers or a lami-
nated layer of one or more types of the following layers: a
silicon oxynitride layer; a silicon nitride oxide layer; an alu-
minum oxide layer; an Y,O; layer; and a HfO, layer. The
thickness of the interlayer insulating layer 43 may be 10 to
200 nm.

For each of an interlayer insulating layer 44 and the inter-
layer insulating layer 49, a silicon oxide layer, a silicon nitride
layer, a silicon oxynitride layer, or the like is used. It is
preferable that the interlayer insulating layers 44 and 49 do
not contain hydrogen, a hydroxyl group, or moisture. The
thickness of each of the interlayer insulating layers 44 and 49
may be 10 nmto 1 Em. The second gate insulating layer 51 is
formed as a single layer selected from the following layers or
as a laminated layer of one or more types of the following
layers: a silicon oxide layer; a silicon nitride layer; a silicon
oxynitride layer; a silicon nitride oxide layer; an aluminum
oxide layer; a hafnium silicate (HfSiO,) layer; a hafnium
silicate (HfSiO,N,, (x>0, y>0)) layer to which nitrogen is
added; a hafnium aluminate (HfAIO,N,, (x>0, y>0)) layer to
which nitrogen is added; a hafhium oxide layer; and an
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yttrium oxide film. Gate leakage can be reduced by using a
high-k material such as a hafnium silicate (HfSiO,) layer; a
hafnium silicate (HfSiO,N, ) layer to which nitrogen is added;
a hafnium aluminate (HfAIO,N,) layer to which nitrogen is
added; a hafnium oxide layer; or an yttrium oxide layer. It is
preferable that the second gate insulating layer 51 does not
contain hydrogen, a hydroxyl group, or moisture. The thick-
ness of the second gate insulating layer 51 may be 10 to 500
nm.

The second gate insulating layer 51 may contain a halogen
element (for example, fluorine or chlorine) at a concentration
of about 5x10"® atoms/cm’ to 1x10°° atoms/cm’>. With the
halogen element, an impurity such as hydrogen, moisture, a
hydroxyl group, or a hydride that may be present in the oxide
semiconductor layer 52 or at an interface between the second
gate insulating layer 51 and the oxide semiconductor layer 52
can be removed. For example, in the case of using a laminated
layer of a silicon nitride layer and a silicon oxide layer as the
second gate insulating layer 51, a side that comes into contact
with the oxide semiconductor layer 52 may be a silicon oxide
layer that contains the halogen element with the above con-
centration. The silicon nitride layer prevents an impurity such
as hydrogen, moisture, a hydroxyl group or a hydride (also
called a hydrogen compound) from entering the silicon oxide
layer.

The oxide semiconductor layer 52 is an amorphous oxide
semiconductor layer or a crystalline oxide semiconductor
layer, such as an In—Ga—Zn—0-based oxide semiconduc-
tor layer; an In—Sn—7n—O-based oxide semiconductor
layer; an In—Al—Z7n—0-based oxide semiconductor layer;
an Sn—Ga—7n—O-based oxide semiconductor layer; an
Al—Ga—7n—O0-based oxide semiconductor layer; an
Sn—Al—Zn—0-based oxide semiconductor layer; an
In—7n—0-based oxide semiconductor layer; an Sn—7Zn—
O-based oxide semiconductor layer; an Al—7n—O-based
oxide semiconductor layer; an In—O-based oxide semicon-
ductor layer; an Sn—O-based oxide semiconductor layer; or
a Zn—O-based oxide semiconductor layer. The thickness of
the oxide semiconductor layer 52 may be 2 nm or more and
200 nm or less. A threshold voltage can be adjusted by the
kind and composition of the oxide semiconductor layer 52.

It is preferable that the oxide semiconductor layer 52 does
not contain hydrogen, a hydroxyl group, or moisture. Specifi-
cally, a concentration of hydrogen is 5x10*°/cm® or less,
preferably 5x10'%/cm? or less, and more preferably less than
5%x10%%/cm?. Also, a carrier concentration is less than 1x10'%/
cm®, preferably less than 1x10'*/cm>. That is, the carrier
concentration of the oxide semiconductor layer is extremely
close to 0. Furthermore, energy gap is 2 eV or more, prefer-
ably 2.5 eV or more, and more preferably 3 eV or more. Note
that, hydrogen concentration in the oxide semiconductor
layer may be measured by secondary ion mass spectroscopy
(SIMS). The carrier concentration may be measured by Hall
effect measurement.

Hydrogen is a donor in the oxide semiconductor, and is it
known as one factor in causing the oxide semiconductor to
become an n-channel type. Therefore, the oxide semiconduc-
tor can be made to be intrinsic (i-type) by making the oxide
semiconductor highly pure, by removing hydrogen from the
oxide semiconductor and making it so that other than a main
component of the oxide semiconductor, impurity contained
therein is as minimal as possible. It is preferable to obtain a
highly purified i-type (intrinsic semiconductor) oxide semi-
conductor or an oxide semiconductor close to it by removing
an impurity such as hydrogen or water as much as possible,
not by adding an impurity. A Fermi level (Et) of an oxide
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semiconductor from which an impurity is removed can be
made to be at the same level as an intrinsic Fermi level (Ei).

In the second transistor 68 including the oxide semicon-
ductor layer 52, even when a negative voltage (reverse-bi-
ased) is applied to the second gate electrode, an OFF-current
is small. This is because the carrier concentration is low, and
therefore minority carrier concentration (hole concentration)
which contributes to the OFF-current is small.

For example, even when the second transistor 68 has a
channel width W of 1x10* um and a channel length of 3 um,
an OFF-current is 10™'% A or less and an S value of 0.1 V/dec.
(the thickness of the second gate insulating layer 51 is 100
nm) is obtained.

By highly purifying the oxide semiconductor so that an
impurity contained therein other than a main component is
minimal as possible, operation of the second transistor 68 can
be favorable. In particular, an OFF-current can be reduced.

Inthe case that a band gap (Eg) of the oxide semiconductor
is 3.15 eV, electron affinity (y) is said to be 4.3 eV. For
example, when titanium (Ti) is used for the second source
electrode and second drain electrodes 53 and 54, a work
function of Ti is approximately equal to the electron affinity
() of the oxide semiconductor. In this case, a Shottky-type
barrier for electrons is not formed at an interface between the
metal (T1) and the oxide semiconductor. That is, electrons are
injected from Ti to the oxide semiconductor layer 52 without
adding an n-channel-type impurity to the oxide semiconduc-
tor layer 52.

Each of the second source electrode layer 53 and the sec-
ond drain electrode layer 54 is formed as a single layer or a
laminated layer using a metal material such as molybdenum,
titanium, chromium, tantalum, tungsten, aluminum, copper,
neodymium, or scandium; or an alloy material containing any
of these materials as a main component. It is preferable that
the second source electrode layer and the second drain elec-
trode layer 53 and 54 do not contain hydrogen, a hydroxyl
group, or moisture. The thickness of each of the second
source electrode layer and the second drain electrode layer 53
and 54 may be 10 to 500 nm

The insulating layer 56 is an oxide insulating layer, and a
silicon oxide layer is used for example. It is preferable that the
insulating layer 56 does not contain hydrogen, a hydroxyl
group, or moisture. The thickness of the insulating layer 56
may be 10 to 200 nm. Not that instead of the silicon oxide
layer, a silicon oxynitride layer, an aluminum oxide layer, an
aluminum oxynitride layer, or the like can be used.

The insulating layer 56 may contain a halogen element (for
example, fluorine or chlorine) at a concentration of about
5x10*® atoms/cm® to 1x10°° atoms/cm?. With the halogen
element, an impurity such as hydrogen, moisture, a hydroxyl
group, or a hydride that may be present in the oxide semicon-
ductor layer 52 or at an interface between the gate insulating
layer 51 and the oxide semiconductor layer 52 can be
removed.

A memory cell array of the first thin film transistor and the
second thin film transistor will be explained with reference to
FIG. 10.

A first word line 1131 and a second word line 1132 extend
in one direction, and a first bit line 1121 and a second bit line
1122 extend in another direction to form a matrix. In a first bit
1103 where the first word line 1131 and the first bit line 1121
intersect, a first thin film transistor 1141 and a second thin
film transistor 1142 are placed. A gate electrode layer of the
first thin film transistor 1141 and a gate electrode layer of the
second thin film transistor 1142 are both connected to the first
word line 1131. A source electrode layer of the first thin film
transistor 1141 is connected to the first bit line 1121, a drain
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electrode layer of the first thin film transistor 1141 is con-
nected to a source electrode layer of the second thin film
transistor 1142, and a drain electrode layer of the second thin
film transistor 1142 is connected to a potential VDD 1143.

In a second bit 1104 where the first word line 1131 and the
second bit line 1122 intersect, a first thin film transistor 1144
and a second thin film transistor 1145 are placed. A gate
electrode layer of the first thin film transistor 1144 and a gate
electrode layer of the second thin film transistor 1145 are both
connected to the first word line 1131. A source electrode layer
of'the first thin film transistor 1144 is connected to the second
bit line 1122, a drain electrode layer of the first thin film
transistor 1144 is connected to a source electrode layer of the
second thin film transistor 1145, and a drain electrode layer of
the second transistor 1145 is connected to a potential VDD
1146.

In a third bit 1105 where the second word line 1132 and the
first bit line 1121 intersect, a first thin film transistor 1147 and
a second thin film transistor 1148 are placed, and are con-
nected to the second word line and the first bit line in the same
manner.

In a fourth bit 1106 where the second word line 1132 and
the second bit line 1122 intersect, a first thin film transistor
1150 and a second thin film transistor 1151 are placed, and are
connected to the second word line and the second bit line in
the same manner.

Data writing by subjecting the memory cell array to ultra-
violet light irradiation is explained with reference to FIG. 11.
Portions explained in FIG. 10 are denoted by the same refer-
ence numerals as those in FIG. 10. The first bit 1103 and the
fourth bit 1106 are subjected to data writing by ultraviolet
light. Over the second bit 1104 and the third bit 1105, a first
mask 1300 and a second mask 1301 are placed. For the masks,
a material that does not transmit ultraviolet light is used. The
thin film transistors can be shielded from light by placing over
the memory cell array a photomask glass provided with a
lamination of metal thin films of chromium and chromium
oxide as a light shield. Alternatively, aluminum, gold, tita-
nium, tungsten, or the like can be used for the metal thin film.
Inaddition, an organic or inorganic pigment such as black ink,
silver paste, gold paste, or carbon paste can be used over a
desired thin film transistor by using screen printing or an
inkjet. It is desirable that a mask material is a material that can
block ultraviolet light with a wavelength of 400 nm or less to
a transmittance of 5% or less, desirably 0.5% or less.
Although a required thickness differs depending on the mate-
rial, 200 nm is sufficient for a metal thin film, and 10 to 50
microns is sufficient for a printing method. Furthermore,
although a shape of the mask is a square in FIG. 11, the shape
is not limited thereto, and it may be a round or triangular
shape. Although the masks cover the first thin film transistors
as well as the second thin film transistors, the first thin film
transistors which are not sensitive to ultraviolet light do not
need to be covered. It is preferable that the masks block light
from at least channel portions of the second thin film transis-
tors 1142 and 1151 which are each provided with an oxide
semiconductor layer that is sensitive to ultraviolet light, and
normally the entire semiconductor layer.

After the masks are formed over the desired thin film
transistors, the memory cell array is subjected to ultraviolet
light irradiation. Although two arrows 1302 and 1303 are
marked in FIG. 11, ultraviolet light irradiation is not limited
thereto, and may be performed evenly on the entire memory
cell array. At that time, top surfaces of the first mask 1300 and
the second mask 1301 are also subjected to ultraviolet light
irradiation. If mask formation is performed adequately in a
manner described previously, the thin film transistors 1145
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and 1148 under the masks are not irradiated with ultraviolet
light. Also, when ultraviolet light is introduced through a
glass fiber or the like, a beam radius can be made tobe 1to 10
mm, and in some cases 20 to 50 mm, which is extremely
convenient in that work can be done by holding the glass fiber
by hand. Furthermore, when ultraviolet light can be intro-
duced from an optical microscope with an ultraviolet laser as
a light source, light can be focused using an optical lens, and
direct irradiation can be done on only the intended thin film
transistor, without a mask.

Regarding wavelength of the ultraviolet light, a dominant
wavelength is 365 nm when a high-pressure mercury lamp is
used, and the dominant wavelength is 253.7 nm when a low-
pressure mercury lamp is used. Also, although it is shown that
ultraviolet light irradiation is performed from above the thin
film transistors in FIG. 11, direction of ultraviolet light irra-
diation changes depending on a device structure of the array.
In the case of a bottom-gate TFT, because a semiconductor
layer that is an active layer is formed over a gate electrode, a
mask is provided over a top portion thereof and the thin film
transistor is irradiated with ultraviolet light from above. With
this, the channel portion is irradiated with ultraviolet light and
excitation easily occurs in the semiconductor layer. Also,
with a top-gate TFT structure, because a gate insulating layer
and a gate electrode are formed above the semiconductor
layer, the channel portion cannot be irradiated with ultraviolet
light efficiently from above the array. In this case, a mask
layer is formed over a rear surface of a substrate (a surface that
is opposite a surface over which the thin film transistor is
formed), and ultraviolet light irradiation is performed on the
rear surface. In this case, a material of the substrate is pref-
erably a material that sufficiently transmits ultraviolet light,
such as glass or quartz.

Regarding a memory cell array in which desired data is
written in this manner, due to concern of having the same
effect as data writing by being exposed to a wavelength that
includes ultraviolet light such as general light, external light,
and solar light for a long period of time, it is desirable to
perform sealing or coating to prevent ultraviolet light expo-
sure.

One example of an electrical characteristic of each thin film
transistor is described in FIGS. 12A to 12C. FIG. 12A shows
an Id-Vg characteristic of the thin film transistor including an
oxide semiconductor in an active layer that is not irradiated
with ultraviolet light. The threshold Vthl on an Id-Vg curve
1201 is -2 V to 1 V. The 1d-Vg characteristic of a thin film
transistor irradiated with ultraviolet light is shown in FIG.
12B. The threshold Vth2 is -6 V to -1 V. The 1d-Vg charac-
teristic of a p-channel-type thin film transistor using a silicon
layer is shown in FIG. 12C. This has the opposite character-
istic from the n-channel-type thin film transistor, and when
gate voltage is positive, the current is 1x107'% A to 1x1073 A
and only a small current flows; however, when the gate volt-
age switches to negative, the current between the source and
the drain increases. A threshold voltage Vth3 is -3 Volts to -1
Volts. That is, when the gate voltage is negative, the thin film
transistor has is in an ON state. When the readout voltage Vr
is applied as a common gate voltage to each of these three
types of thin film transistors, an OFF state is obtained for the
thin film transistor (a) using an oxide semiconductor that is
not irradiated, an ON state is obtained for the thin film tran-
sistor (b) that is irradiated with ultraviolet light, and an ON
state for the p-channel-type thin film transistor. At this time, it
is acceptable as long as the readout voltage Vr is a voltage that
satisfies Vth2<Vr<Vth3, Vthl. Regarding the thin film tran-
sistor with an oxide semiconductor, although there are many
cases when threshold control is difficult, the thin film transis-
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tor having an even normally—on characteristic can be used
for the readout from the memory device as long as the readout
voltage Vr satisfies the above relationship.

A method of reading data out of a memory element array in
which data is written with ultraviolet light will be explained
with reference to FIG. 13.

The first word line 1131 and the second word line 1132
extend from arow decoder 1102, and the first bitline 1121 and
the second bit line 1122 extend from a column decoder 1101,
to form a matrix with 4 bits. In the first bit, the first thin film
transistor 1141 and the second thin film transistor 1142 are
placed.

The first bit line 1121 and the second bit line 1122 are
connected to a supply line 1117. A source portion of the thin
film transistor 1114 which has a function as a resistance with
a fixed resistance value is connected to a ground potential
1118, a drain portion is connected the supply line 1117 and an
amplifier 1115, and the amplifier outputs a potential of that
portion from an output portion 1116. Although the thin film
transistor 1114 is connected to the ground potential 1118, it is
not limited to the ground potential, and itis acceptable as long
as a lower potential than VDD can be obtained.

A readout operation that takes into consideration an elec-
trical characteristic of each of the thin film transistor will be
explained. VDD is applied to a word line when it is not
selected. The first word line 1131 is selected by the row
decoder 1102 and a ground state is given to the first word line
1131, and a non-selected state is maintained in the second
word line 1132 and VDD is applied. The gate electrode layer
of each of the first thin film transistor (p-channel-type thin
film transistor) 1141 and the second thin film transistor (the
thin film transistor including an oxide semiconductor) 1142
in the first bit 1103 is in a ground state. A drain side is
connected to the VDD 1143. Meanwhile, a column switch
1111 is turned on and the column decoder 1101 selects the
first bit line 1121. In this case, when a potential of the VDD
1143 of a drain portion is set as a standard, a potential of the
gate electrode layer and the source electrode layer are seen as
-VDD. Accordingly, -VDD may be used as the readout volt-
age of the gate electrode layer. That is, the transistor may be
operated according to the transistor characteristic at the read-
out voltage Vr of the gate voltage shown in FIGS. 12A to 12C.
The first thin film transistor 1141 of the first bit 1103 is in an
On-state, and the thin film transistor 1142 using an oxide
semiconductor in which writing is performed with ultraviolet
light is in an On-state. That is, an On-state is obtained at two
transistors that are arranged in series, and resistance in this
portion is low. At this time, most of a potential difference
between the VDD and the ground potential 1118 is applied to
the thin film transistor 1114. A potential on a first bitline 1121
side that is connected to the first thin film transistor 1141 is
large, and is close to VDD. When an observation is made with
the ground potential 1118 as a standard, “High” is output as
an output wiring signal from the amplifier 1115.

The second bit 1104 will be considered. Writing is not
performed on this bit. In a similar manner, the first thin film
transistor 1144 and the second thin film transistor 1145 con-
nected to the first word line 1131 and the second bit line 1122
are selected by the first word line being in a ground state.
When a potential on the drain side of the second thin film
transistor to which the VDD is connected is considered as a
standard, the potential of the gate electrode is considered as
-VDD, and the first thin film transistor 1144 is in an ON state
and the second thin film transistor 1145 using an oxide semi-
conductor in which writing is performed with ultraviolet light
is in an OFF state (see FIG. 12B). Because the source portion
of the second thin film transistor and the drain portion of the
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first thin film transistor are connected to each other, when the
first thin film transistor is in an ON state and the second thin
film transistor is in an OFF state, the second bit is in an OFF
state, thus a resistance value of this portion is high, and a high
voltage is applied. A potential on a second bit line 1122 side
becomes close to the ground potential 1118. That is, the
amplifier 1115 outputs “Low.” In a similar manner, when the
second word line is selected, “Low” is output from the third
bit 1105 in which writing is not performed, and “High” is
output from the fourth bit 1106.

For the third bit 1105, VDD is applied from the row
decoder 1102 to the second word line 1132 which is not
selected. Here, the first thin film transistor 1147 and the
second thin film transistor 1148 (writing with ultraviolet light
not performed) are connected. Because VDD is applied to the
drain portion and the gate electrode layer of the second thin
film transistor 1148, when a potential of VDD 1149 is con-
sidered as a standard, the gate portion and the drain portion
has the same potential, and a switching characteristic when O
volts is applied to the gate electrode layer is applied. The first
thin film transistor is in an OFF state (see FIG. 12C). The third
bit 1105 is in an OFF state, and a resistance of this portion is
high. That is, in the third bit 1105, a potential on a first bit line
1121 side is decreased and comes close to a ground side.
Accordingly, “Low” is output from the amplifier 1115 as an
output wiring signal. At this time, a switching state at 0 volts
in the gate electrode of the second thin film transistor in which
writing is not performed may be an OFF state as mentioned
above. Even if a certain value of threshold shifts to a negative
side and comes to an ON state, as long as the first thin film
transistor is in an OFF state, there is no change in a fact that
the present bit is in an OFF state and there will not be an error
in reading out data that is not written.

A situation where the second word line 1132 in the fourth
bit 1106 in which writing is performed is not selected will be
explained. VDD is applied to the second word line, that is, the
gate electrode layer of each of the thin film transistors and
there is no difference in potential with the VDD 1152 on the
drain side of the second thin film transistor, and if the drain
side is to be a standard, a switching state of when 0 volts is
applied to the gate electrode layer is obtained. That is, the first
thin film transistor reaches an OFF state and the second thin
film transistor reaches an ON state, and a characteristic of the
two thin film transistors is an OFF state. A potential on the
second bit line 1122 side is close to the ground potential 1118,
and “Low” is output from the amplifier 1115 as an output
wiring signal. In this manner, data “1001” that is written in the
4-bit memory cell array is output as “High, Low, Low, High.”
The data read out in FIG. 6 is “Low, High, High, Low,” which
is the opposite of the above readout result. This is because the
positions of the power VDD and the ground are opposite, and
there is no difference in readout results.

A truthtable of this example is shown in FIG. 14. A readout
method will be described. That is, from a bit in which writing
is performed, “High” is detected when the word line is
selected, but only “Low” is detected when the word line is not
selected. From a bit in which writing is not performed, only
“Low” is detected in both cases of the word line being
selected and not selected. That is, detection is only done for
bits in which writing is performed. The writing can be read
out exactly the way it is. On the other hand of outputting an
ON state, OFF state is output in the case that the word line is
not selected even if writing is performed, or in the case of a bit
in which writing is not performed. Also, the Id-Vg character-
istic 1201 of the thin film transistor before writing is not
sufficiently in an OFF state with a gate voltage at 0 volts, and
threshold shifts negatively. That is, even ifit is in an OFF state
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with the gate voltage at 0 volts, an OFF state can be main-
tained as an output because the first thin film transistor is in an
OFF state. That is, even if there is a threshold shift in the
1d-Vg characteristic of the oxide semiconductor, the truth
table in FIG. 14 can be maintained without change. In the
memory cell array, although the p-channel-type thin film
transistor is provided in addition to the thin film transistor
with an oxide semiconductor and makes an element density
twice as much, even if there is variance in characteristics of
thin film transistors used for such writings, the memory cell
array operates properly according to the truth table with
respect to whether or not writing is performed.

Also, in FIG. 14, the truth-value is formed depending on an
ON-state and OFF-state combination of the first thin film
transistor and the second thin film transistor. That is, a per-
mutation position relationship of the first thin film transistor
and the second thin film transistor does not matter. In FIG. 11,
although the first thin film transistor 1114 is connected to the
bit line 1121, and the second thin film transistor 1142 is
connected to the drain electrode layer of the first thin film
transistor 1141, the connections may be of reverse permuta-
tion. The source electrode layer of the second thin film tran-
sistor which contains an oxide semiconductor layer may be
connected to the bit line, or the drain electrode layer thereof
may be connected to the source electrode layer of the first thin
film transistor. With this, the drain electrode layer of the first
thin film transistor becomes connected to VDD. Even with
such an arrangement, the truth-value of FIG. 14 is applied
without change.

(Embodiment 3)

This embodiment describes a memory module 1500 to
which one of the embodiments 1 and 2 is applied (see FIG.
15). The memory module 1500 includes a first memory cell
region 1501, an interface 1503, a row decoder 1504, and a
column decoder 1506.

In the first memory cell region 1501, a plurality of memory
cell arrays described in the above embodiments is provided.
In a second memory cell region 1502, a plurality of memory
cell arrays described in the above embodiments is provided
(see FIG. 15).

The row decoder 1504 corresponds to the row decoder 602
shown in Embodiment 1, for example, and is connected to the
first memory cell region 1501 by a word line 1507.

The column decoder 1506 corresponds to the column
decoder 601 shown in Embodiment 1, for example, and has a
readout circuit and is connected to the first memory cell
region 1501 and the second memory cell region 1502 by a bit
line 1509.

Each of the row decoder 1504, the row decoder 1505, and
the column decoder 1506 is connected to the interface 1503.

In the present invention, a threshold voltage of a transistor
is changed by irradiating the transistor with ultraviolet light.
Therefore, it is preferable that the region is generally covered
with a shield which blocks ultraviolet light. The shield is
removed by a person admitted to the region, and then the
transistor is irradiated with ultraviolet light. Since region is
covered by the shield, the region cannot be accessed by a third
party.

(Embodiment 4)

In this embodiment, an RFID tag 1520 (see FIG. 16)
including the memory module described in the above
embodiment is described.

The RFID tag 1520 includes an antenna circuit 1521 and a
signal processing circuit 1522. The signal processing circuit
1522 includes a rectifier circuit 1523, a power circuit 1524, a
demodulation circuit 1525, an oscillation circuit 1526, alogic
circuit 1527, a memory control circuit 1528, a memory circuit
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1529, a logic circuit 1530, an amplifier 1531, and a modula-
tion circuit 1532. The memory circuit 1529 includes the
memory module of the above embodiment.

A communication signal received by the antenna circuit
1521 is input to the demodulation circuit 1525. The frequency
of the received communication signal, that is, the frequency
of a signal communicated between an antenna circuit 1521
and a reader/writer, is for example 13.56 MHz, 915 MHz,
2.45 GHz, or the like in an ultra high frequency band, which
is determined on the basis of the ISO standard or the like.
Needless to say, the frequency of the signal communicated
between the antenna circuit 1521 and the reader/writer is not
limited thereto, and for example, any of the following fre-
quencies can be used: a submillimeter wave of 300 GHz to 3
THz; a millimeter wave of 30 GHz to 300 GHz; a microwave
of'3 GHz to 30 GHz; an ultra high frequency of 300 MHz to
3 GHz; and a very high frequency of 30 MHz to 300 MHz.
Furthermore, the signal communicated between the antenna
circuit 1521 and the reader/writer is a signals obtained
through carrier wave modulation. A carrier wave is modu-
lated by analog modulation or digital modulation, and any of
amplitude modulation, phase modulation, frequency modu-
lation, and spread spectrum may be used. Preferably, ampli-
tude modulation or frequency modulation is used.

An oscillation signal output from the oscillation circuit
1526 is supplied as a clock signal to the logic circuit 1527. In
addition, a modulated carrier wave is demodulated in the
demodulation circuit 1525. The signal after demodulation is
also transmitted to the logic circuit 1527 to be analyzed. The
signal analyzed in the logic circuit 1527 is transmitted to the
memory control circuit 1528. The memory control circuit
1528 controls the memory circuit 1529, takes out data stored
in the memory circuit 1529, and transmits the data to the logic
circuit 1530. The signal transmitted to the logic circuit 1530
is encoded in the logic circuit 1530 and amplified in the
amplifier 1531, and with this signal, the modulation circuit
1532 modulates a carrier wave. With this modulated carrier
wave, the reader/writer recognizes the signal from the RFID
tag 1520.

The carrier wave that is input to the rectifier circuit 1523 is
rectified, and then input to the power circuit 1524. A power
source voltage obtained in this manner is supplied by the
power circuit 1524 to the demodulation circuit 1525, the
oscillation circuit 1526, the logic circuit 1527, the memory
control circuit 1528, the memory circuit 1529, the logic cir-
cuit 1530, the amplifier 1531, the modulation circuit 1532,
and the like.

A connection between the signal processing circuit 1522
and an antenna in the antenna circuit 1521 is not particularly
limited. For example, the antenna and the signal processing
circuit 1522 are connected by wire bonding, bump connec-
tion, or by forming the signal processing circuit 1522 into a
chip and attaching one surface thereof which serves as an
electrode to the antenna. The signal processing circuit 1522
and the antenna can be attached using an ACF (anisotropic
conductive film).

The antenna is either laminated over the same substrate as
the signal processing circuit 1522, or formed as an external
antenna. Needless to say, the antenna is provided on an upper
portion of lower portion of the signal processing circuit. The
rectifier circuit 503 converts an AC signal that is induced by a
carrier wave received by the antenna circuit 1521 into a DC
signal.

The RFID tag 1520 may include a battery 1581 (FIG. 17).
When power source voltage output from the rectifier circuit
1523 is not sufficient for operating the signal processing
circuit 1522, the battery 1581 also supplies a power source
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voltage to various circuits included in the signal processing
circuit 1522, such as, for example, the demodulation circuit
1525, the oscillation circuit 1526, the logic circuit 1527, the
memory control circuit 1528, the memory circuit 1529, the
logic circuit 1530, the amplifier 1531, and the modulation
circuit 1532.

Surplus voltage of the power source voltage output from
the rectifier circuit 1523 may be stored in the battery 1581.
When an antenna circuit and a rectifier circuit are provided in
the RFID tag in addition to the antenna circuit 1521 and the
rectifier circuit 1523, energy stored in the battery 1581 can be
obtained from an electromagnetic wave and the like that are
generated randomly.

The battery can be used continuously by charging. As the
battery, a battery formed into a sheet form is used. For
example, by using a lithium polymer battering that includes a
gel electrolyte, a lithium ion battery, a lithium secondary
battery, or the like, size of the battery can be reduced. For
example, a nickel-metal-hydride battery, a nickel-cadmium
battery, or the like can be given. Alternatively, a capacitor
with large capacitance or the like can be used.
(Embodiment 5)

In this embodiment, application examples of the RFID tag
1520 shown in the above embodiment will be described
(FIGS. 18A to 18F).

The RFID tag 1520 is widely used and can be provided for,
for example, products such as bills, coins, securities, bearer
bonds, documents (such as a driver’s license or a resident’s
card, see F1G. 18A), packaging containers (such as wrapping
paper or a bottle, see FIG. 18C), recording media (such as a
DVD software or a videotape, see FIG. 18B), vehicles (such
as a bicycle, see FIG. 18D), personal belongings (such as
shoes and glasses), foods, plants, animals, human bodies,
clothing, household goods, and electronic appliances (such as
a liquid crystal display device, an EL display device, a tele-
vision device, or a cellular phone); or tags on products (see
FIGS. 18E and 18F).

The RFID tag 1520 is fixed to a product by being mounted
on a printed substrate, attached to a surface of the product, or
embedded in the product. For example the RFID tag 1520 is
embedded in a book, or embedded in an organic resin for a
package made of the organic resin. Since the RFID tag 1520
can be reduced in size, thickness, and weight, it can be fixed
to a product without spoiling the design of the product. Fur-
thermore, bills, coins, securities, bearer bonds, document, or
the like can have an identification function by being provided
with the RFID tag 1520, and this identification function can
beused to prevent counterfeiting. Also, by attaching the semi-
conductor device of the present invention to packaging con-
tainers, recording media, personal belongings, foods, cloth-
ing, household goods, electronic appliances, or the like, a
system such as an inspection system can be efficiently used.
Also, by attaching the RFID tag 1520 to vehicles, security
against theft or the like can be improved.

EXAMPLE

FIGS. 19A and 19B each show an example of a measure-
ment of an 1d-Vg characteristic of a thin film transistor in
which a channel portion is formed using an oxide semicon-
ductor layer. FIG. 19A shows the 1d-Vg characteristic of the
thin film transistor before ultraviolet light irradiation. FIG.
19B shows the 1d-Vg characteristic of the thin film transistor
after ultraviolet light irradiation. VDS in the figures shows a
voltage between a source and drain. A wavelength of the
ultraviolet light is 254 nm, an ultraviolet light intensity is 0.06
mW/cm?, and irradiation time is 3 minutes. An In—Ga—
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Zn—O0-based oxide semiconductor is used or the channel. A
structure of the TFT is a bottom-gate type of the thin film
transistor including an oxide semiconductor shown in FI1G. 9.
The ultraviolet light is emitted to the channel from above the
channel.

When the TFT is irradiated with ultraviolet light, a thresh-
old voltage of -0.54 Volts and an S value of 0.064 before
irradiation change to a threshold voltage of —2.16 Volts and an
S value of 0.18 after ultraviolet light irradiation. By using this
phenomenon, the channel drives the transistor including an
oxide semiconductor.

This application is based on Japanese Patent Application
serial no. 2009-276751 filed with Japan Patent Office on Dec.
4,2009, the entire contents of which are hereby incorporated
by reference.

What is claimed is:

1. A semiconductor device comprising:

a sensing transistor comprising:

a gate electrode;

an oxide semiconductor layer including a channel form-
ing region, the channel forming region overlapping
with the gate electrode with an insulating film ther-
ebetween;

a source electrode electrically connected to the oxide
semiconductor layer; and

a drain electrode electrically connected to the oxide
semiconductor layer;

a first potential source electrically connected to the gate

electrode through a first wiring;

a second potential source electrically connected to the

source electrode through a second wiring, and

a third potential source electrically connected to the source

electrode through a third wiring,

wherein a light exposed state of the sensing transistor is

detected when a first current of the channel forming
region is larger than a second current of the channel
forming region at a dark state of the sensing transistor.

2. The semiconductor device according to claim 1, wherein
afirst voltage of the first potential source supplying to the gate
electrode is larger than a first threshold voltage of the sensing
transistor at the light exposed state of the sensing transistor,
and smaller than a second threshold voltage of the sensing
transistor at the dark state of the sensing transistor, when the
light exposed state of the sensing transistor is detected.

3. The semiconductor device according to claim 1, wherein
the second potential source or the third potential source has a
ground state.

4. A semiconductor device comprising:

a sensing transistor comprising:

a gate electrode;

an oxide semiconductor layer including a channel form-
ing region, the channel forming region overlapping
with the gate electrode with an insulating film ther-
ebetween;

a source electrode electrically connected to the oxide
semiconductor layer; and

a drain electrode electrically connected to the oxide
semiconductor layer;

a first potential source electrically connected to the gate

electrode through a first wiring;

a second potential source electrically connected to the

source electrode through a second wiring, and

a third potential source electrically connected to the source

electrode through a third wiring,

wherein a dark state of the sensing transistor is detected

when a first current of the channel forming region is
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smaller than a second current of the channel forming
region at a light exposed state of the sensing transistor.

5. The semiconductor device according to claim 4, wherein
afirst voltage of the first potential source supplying to the gate
electrode is larger than a first threshold voltage of the sensing
transistor at the light exposed state of the sensing transistor,
and smaller than a second threshold voltage of the sensing
transistor at the dark state of the sensing transistor, when the
light exposed state of the sensing transistor is detected.

6. The semiconductor device according to claim 4, wherein
the second potential source or the third potential source has a
ground state.

7. A semiconductor device comprising:

a sensing transistor comprising:

a gate electrode;

an oxide semiconductor layer including a channel form-
ing region, the channel forming region overlapping
with the gate electrode with an insulating film ther-
ebetween;

a source electrode electrically connected to the oxide
semiconductor layer; and

a drain electrode electrically connected to the oxide
semiconductor layer;

a switching transistor comprising:

a gate electrode;

an semiconductor layer including a channel forming
region, the channel forming region overlapping with
the gate electrode of the switching transistor with an
insulating film therebetween;

a source electrode electrically connected to the semicon-
ductor layer; and

a drain electrode electrically connected to the semicon-
ductor layer and the source electrode of the sensing
transistor;

a first potential source electrically connected to the gate
electrode of the sensing transistor and the gate electrode
of the switching transistor through a first wiring;

a second potential source electrically connected to the
source electrode of the switching transistor through a
second wiring, and

a third potential source electrically connected to the drain
electrode of the sensing transistor,

wherein a light exposed state of the sensing transistor is
detected when a first current of the channel forming
region of the sensing transistor is larger than a second
current of the channel forming region at a dark state of
the sensing transistor.

8. The semiconductor device according to claim 7, wherein
afirst voltage of the first potential source supplying to the gate
electrode ofthe sensing transistor and the gate electrode of the
switching transistor is larger than a first threshold voltage of
the sensing transistor at the light exposed state of the sensing
transistor, and smaller than a second threshold voltage of the
sensing transistor at the dark state of the sensing transistor and
a third threshold voltage of the switching transistor, when the
light exposed state of the sensing transistor is detected.

9. The semiconductor device according to claim 7, wherein
the second potential source or the third potential source has a
ground state.

10. A semiconductor device comprising:

a sensing transistor comprising:

a gate electrode;

an oxide semiconductor layer including a channel form-
ing region, the channel forming region overlapping
with the gate electrode with an insulating film ther-
ebetween;
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a source electrode electrically connected to the oxide
semiconductor layer; and

a drain electrode electrically connected to the oxide
semiconductor layer;

a switching transistor comprising:

a gate electrode;

an semiconductor layer including a channel forming
region, the channel forming region overlapping with
the gate electrode of the switching transistor with an
insulating film therebetween;

asource electrode electrically connected to the semicon-
ductor layer; and

a drain electrode electrically connected to the semicon-
ductor layer and the source electrode of the sensing
transistor;

a first potential source electrically connected to the gate
electrode of the sensing transistor and the gate electrode
of the switching transistor through a first wiring;

a second potential source electrically connected to the
source electrode of the switching transistor through a
second wiring, and

a third potential source electrically connected to the drain
electrode of the sensing transistor,

wherein a dark state of the sensing transistor is detected
when a third current of the channel forming region is
smaller than a fourth current of the channel forming
region at a light exposed state of the sensing transistor.

11. The semiconductor device according to claim 10,
wherein a first voltage of the first potential source supplying
to the gate electrode of the sensing transistor and the gate
electrode of the switching transistor is larger than a first
threshold voltage of the sensing transistor at the light exposed
state of the sensing transistor, and smaller than a second
threshold voltage of the sensing transistor at the dark state of
the sensing transistor and a third threshold voltage of the
switching transistor, when the light exposed state of the sens-
ing transistor is detected.

12. The semiconductor device according to claim 10,
wherein the second potential source or the third potential
source has a ground state.

13. A semiconductor device comprising:

a sensing transistor comprising:

a gate electrode;

an oxide semiconductor layer including a channel form-
ing region, the channel forming region overlapping
with the gate electrode with an insulating film ther-
ebetween;

a source electrode electrically connected to the oxide
semiconductor layer; and

a drain electrode electrically connected to the oxide
semiconductor layer;

a row decoder electrically connected to the gate electrode
through a first wiring;

a column decoder electrically connected to the source elec-
trode through a second wiring; and

a readout circuit electrically connected to the second wir-
ing,

a first potential source electrically connected to the drain
electrode through a third wiring

wherein a light exposed state of the sensing transistor is
detected when a first current of the channel forming
region is larger than a second current of the channel
forming region at a dark state of the sensing transistor,
and

wherein a first voltage of the first potential source supply-
ing to the gate electrode is larger than a first threshold
voltage of the sensing transistor at the light exposed state
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of the sensing transistor, and smaller than a second
threshold voltage of the sensing transistor at the dark
state of the sensing transistor.
14. The semiconductor device according to claim 13,
wherein the gate electrode comprises a transparent electrode.
15. The semiconductor device according to claim 13,
wherein the first potential source has a ground state.
16. The semiconductor device according to claim 13,
wherein the readout circuit comprises a second potential
source, an amplifier, and a reference transistor,
wherein the amplifier is electrically connected to the sec-
ond potential source through the reference transistor and
the second wiring.
17. A semiconductor device comprising:
a sensing transistor comprising:
a gate electrode;
an oxide semiconductor layer including a channel form-
ing region, the channel forming region overlapping
with the gate electrode with an insulating film ther-
ebetween;
a source electrode electrically connected to the oxide
semiconductor layer; and
a drain electrode electrically connected to the oxide
semiconductor layer;
a switching transistor comprising:
a gate electrode;
an semiconductor layer including a channel forming
region, the channel forming region overlapping with
the gate electrode of the switching transistor with an
insulating film therebetween;
a source electrode electrically connected to the semicon-
ductor layer; and
a drain electrode electrically connected to the semicon-
ductor layer and the source electrode of the sensing
transistor;
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a row decoder electrically connected to the gate electrode
of the sensing transistor and the gate electrode of the
switching transistor through a first wiring;

a column decoder electrically connected to the source elec-
trode of the switching transistor through a second wir-
ing; and

a readout circuit electrically connected to the second wir-
ing,

a first potential source electrically connected to the drain
electrode ofthe sensing transistor through a third wiring.

18. The semiconductor device according to claim 17,

wherein the gate electrode comprises a transparent electrode.

19. The semiconductor device according to claim 17,

wherein the first potential source has a ground state.

20. The semiconductor device according to claim 17,

wherein the readout circuit comprises a second potential
source, an amplifier, and a reference transistor,

wherein the amplifier is electrically connected to the sec-
ond potential source through the reference transistor and
the second wiring.

21. The semiconductor device according to claim 17,

wherein a light exposed state of the sensing transistor is
detected when a first current of the channel forming
region is larger than a second current of the channel
forming region at a dark state of the sensing transistor,
and

wherein a first voltage of the first potential source supply-
ing to the gate electrode is larger than a first threshold
voltage of the sensing transistor at the light exposed state
of the sensing transistor, and smaller than a second
threshold voltage of the sensing transistor at the dark
state of the sensing transistor and a third threshold volt-
age of the switching transistor.
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